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Since the publication 
of the Motorola 
European Consumer Selection in 1977, 
the 
influence 
of 
electronics 
on the 
consumer 
has become 
more compre- 
hensive and pervasive than anyone could have believed possible at that time. 


Thus, 
for 
the sake of clarity, 
a certain 
amount 
of re-arrangement 
has been 
found 
desirable. Re-named European Home Electronics 
Data Book, the 1981 
edition 
encompasses all those applications 
found within 
the home: entertain- 
ment, appliances, tools, toys, etc. 


To facilitate 
access whilst 
maintaining 
as large a selection 
as possible, the 
European Home Electronics 
Data Book is published 
in two volumes: 


- 
DISCRETE 
DEVICES 


- 
INTEGRATED 
CIRCUITS 


This 
volume 
covers integrated 
circuits 
and distinguishes 
between 
standard 
integrated 
circuits 
and integrated 
circuits dedicated to TV, radio or appliance 
applications. 
A section on microcomputers 
has been included 
in recognition 
of the increasing importance 
of these devices in home electronics. 


An alpha-numeric 
index in Section 
1 lists all devices recommended 
for use in 
home electronics 
whilst 
a synoptic 
table precedes each product 
section to aid 
in locating devices required. 


The increasing number 
of new devices facing the designer makes the task of 
selection extremely 
difficult 
and time-consuming. 
We believe the arrangement 
of 
the 
Motorola 
Home 
Electronics 
Data 
Book 
will 
help to alleviate 
this 
problem. 


Naturally, 
the devices listed in this Data Book represent only a small part of 
the Motorola 
product 
range and in the event that you are unable to find the 
device to suit your 
particular 
application, 
please consult 
the comprehensive 
Motorola 
Data Library 
or your nearest Motorola 
Sales Office. 
A list of Moto- 
rola 
Sales Offices 
and Franchised 
Distributors 
is to 
be found 
in the final 
section of this volume. 


SECTION 1 - ALPHA NUMERIC 
INDEX 
- 
Index to devices contained 
within 
this volume 


SECTION 2 - STANDARD 
INTEGRATED 
CIRCUITS 
- 
Devices for general consumer 
applications 
- 
Fixed voltage 
regulators 


Contents 


ALPHA NUMERIC INDEX 


Device Code 


LM2901N 
LM2903 
MC1306P 
MC1309 
MC1310 
MC1327A 
MC1374 
MC1391P 
MC1411 
MC1412 
MC1413 
MC1416 
MC1417 
MC1445 
MC2801P 
MC3301 
MC3302 
MC3310P 
MC3344 
MC3346 
MC3357 
MC3358 
MC3359 
MC3386 
MC3393P 
MC3396P 
MC3420 
MC3423 
MC3490 
MC3491 
MC3492 
MC3494 
MC3870 
MC6200 
MC6203 
MC6215 
MC6220 
MC6805P2 
MC6805R2 
MC6805T2 
MC6805U2 
MC7805C 
MC7806C 
MC7808C 
MC7812C 
MC7815C 
MC7818C 
MC7824C 
MC78L05C, 
AC 
MC78L08C, 
AC 
MC78L 12C, AC 
MC78L 15C, AC 


Designation 


Quad Comparator 
Quad Comparator 
1/2-Watt 
Audio 
Amplifier 
FM Stereo Demodulator 
FM Stereo Demodulator 
Dual Doubly 
Balanced Chroma Demodulator 


TV Modulator 
Circuit 
TV Horizontal 
Processor 
Peripheral 
Driver Array 
Peripheral 
Driver Array 
Peripheral 
Driver Array 
Peripheral 
Driver Array 
Peripheral 
Driver Array 
Wideband Amplifier 
Linear Control 
Chip for Frequency 
Synthesizer 
System 
Quad Operational 
Amplifier 
Quad Comparator 
Wideband Amplifier 
Programmable 
Frequency 
Switch 
Transistor 
Array 
Low Power FM/IF 
Dual Low Power Operational 
Amplifier 
High Gain Low Power FM/IF 
Transistor 
Array 
Two Modulus 
Prescaler 
Divide By 20 Prescaler 
Switchmode 
Regulator 
Control 
Overvoltage 
Sensing Circu it 
7-Digit 
Gas Discharge Display 
Driver 
8-Segment Visual Display 
Driver 
8-Segment Visual Display 
Driver 
7-Digit 
Gas Discharge Display 
Driver 
Single-Chip 
M icrocontroller 
TV Synthesizer 
Controller 
Remote Control 
Receiver 
Remote Control 
Receiver with 
On-screen Display 
MCU with 
PLL 
HMOS 8-Bit MCU 
HMOS 8-Bit MCU with AID 
HMOS 8-Bit MCU with 
PLL 
HMOS 8-Bit MCU 
Positive Fixed Voltage 
Regulator 
Positive Fixed Voltage 
Regulator 
Positive Fixed Voltage 
Regulator 
Positive Fixed Voltage 
Regulator 
Positive Fixed Voltage 
Regulator 
Positive Fixed Voltage 
Regulator 
Positive Fixed Voltage 
Regulator 
Positive Fixed Voltage 
Regulator 
Positive Fixed Voltage 
Regulator 
Positive Fixed Voltage 
Regulator 
Positive Fixed Voltage 
Regulator 


Page 


2-3 
2 - 7 
4-3 
4-8 
4 - 10 
3-3 
3-8 
3 - 12 
2 - 13 
2 - 13 
2 - 13 
2 - 13 
2 - 17 
2 - 22 
3 - 17 
2 - 28 
2 - 36 
2 - 40 
2 - 44 
2 - 49 
4 - 18 
2 - 52 
4 - 22 
2 - 49 
4 - 25 
4 - 27 
2 - 58 
2 -77 
2 - 83 
2 - 89 
2 - 89 
2 - 83 
6-3 
3 - 21 
3 - 23 
3 - 30 
4 - 29 
6 - 23 
6 - 47 
6 - 73 
6 - 102 
2 - 96 
2 - 96 
2 - 96 
2 - 96 
2 - 96 
2 - 96 
2 - 96 
2 - 108 
2 - 108 
2 - 108 
2 - 108 


Device Code 


MC78L 18C, AC 
MC78L24C, 
AC 
MC78M05C 
MC78M06C 
MC78M08C 
MC78M12C 
MC78M15C 
MC78M18C 
MC78M20C 
MC78M24C 
MC7902C 
MC7905C 
MC7905.2C 
MC7906C 
MC7908C 
MC7912C 
MC7915C 
MC7918C 
MC7924C 
MC79L03C, 
AC 
MC79L05C, 
AC 
MC79L 12C, AC 
MC79L 15C, AC 
MC79L 18C, AC 
MC79L24C, 
AC 
MC14066B 
MC14426 
MC14429P-B 
MC14430 
MC14433 
MC14466 
MC14493 
MC14494 
MC14495 
MC14497P 
MC14499 
MC141000 
MC144100 
MC144110 
MC144111 
MC144115 
MCM2801 
MCM2802 
MCM144102 
SAA1006 
SMA2001 
TBA120C 
TBA120D 
TBA395 
TBA396 
TBA920 


Designation 


Positive Fixed Voltage 
Regulator 
Positive Fixed Voltage 
Regulator 
Positive Fixed Voltage 
Regulator 
Positive Fixed Voltage 
Regulator 
Positive Fixed Voltage 
Regulator 
Positive Fixed Voltage 
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Driver 
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Memory 
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Diode Matrix 
Encoder 
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Combination 
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Designation 


Horizontal 
Combination 
FSK Demodulator 
FM Stereo Demodulator 
Stereo Sound Control System 
Universal Motor Speed Controller 
Triac Firing Angle Control Circuit 
TV Audio System 
Audio Power Amplifier 
Secam Adapter 
TV Colour Processing System, PAL!NTSC 
Chrominance Combination 
Switchmode 
Regulator Control Circuit 
Zero Voltage Switch 
Tuning Memory System - Linear Processor 
Zero Voltage Switch 
Phase-Locked Loop Synthesizer & Driver 
Synthesizer Amplifier 
& Driver 
Frequency Synthesizer Prescaler 
PL L Interface 
Synthesizer Amplifier 
& Driver 
TV Time Base Processor 
16-Bit LED Driver/or 
MPU Interface Circuit 
PLL FM Stereo Demodulator 
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STANDARD 
INTEGRATED 
CIRCUITS 


- Devices 
for general 
consumer 
applications 
- Fixed voltage 
regulators 
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CASE 1 (T03) 
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- 
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CASE 607 


Device 
Designation 
Package 
Page 


LM2901N 
Quad Comparator 
646 
2-3 
LM2903 
Quad Comparator 
626 
2 - 7 
MC1411 
Peripheral 
Driver Array 
620/648 
2 - 13 
MC1412 
Peripheral 
Driver Array 
620/648 
2·13 
MC1413 
Peripheral 
Driver Array 
620/648 
2 - 13 
MC1416 
Peripheral 
Driver Array 
620/648 
2 - 13 
MC1417 
Peripheral 
Driver Array 
646 
2 - 17 
MC1445 
Wideband 
Amplifier 
603/607/632 
2 - 22 
MC3301 
Quad Operational 
Amplifier 
632/646 
2 - 28 
MC3302 
Quad Comparator 
632i646 
2 - 36 
MC3310P 
Wideband Amplifier 
626 
2 - 40 
MC3344 
Programmable 
Frequency 
Switch 
632/646 
2 - 44 
MC3346 
Transistor 
Array 
646 
2 - 49 
MC3358 
Dual Low Power Operational 
Amplifier 
601/626/693 
2 - 52 
MC3386 
Transistor 
Array 
646 
2 - 49 
MC3420 
Switchmode 
Regulator 
Control 
620/648 
2·58 
MC3423 
Overvoltage 
Sensing Circuit 
626/693 
2 - 77 
MC3490 
7-Digit 
Gas Discharge Display 
Driver 
648 
2 -83 
MC3491 
8-Segment Visual Display 
Driver 
701 
2 - 89 
MC3492 
8-Segment Visual Display 
Driver 
701 
2 - 89 
MC3494 
7-Digit 
Gas Discharge Display 
Driver 
648 
2 - 83 
MC14066B 
Quad Analog Switch 
632/646 
2 - 138 
MC14433 
Dual Ramp A/D Converter 
623/709 
2 - 142 
MC14495 
CMOS BCD-to-7-Segment 
Latch/Decoder/Driver 
620/648 
2 - 155 
TL494 
Switchmode 
Regulator 
Control 
Circuit 
620/648 
2 - 158 


Vo 
vlN 
10 
Device 
Polarity 
Nom 
V 
Max. 
Package 
Page 
V 
Max. 
mA 


MC7805C-MC7824C 
Positive 
5-24 
35-40 
1500 
1/221 A 
2 - 96 
MC78L05C, AC-MC78L24C, 
AC 
Positive 
5-24 
30-40 
100 
29/79 
2 -108 
MC78M05C-MC78M24C 
Positive 
5-24 
35-40 
750 
79/221A 
2 -115 
MC7902C-MC7924C 
Negative 
2-24 
35-40 
1500 
1/221 A 
2 -123 


MC79L03C, AC-MC79L24C, 
AC 
Negative 
3-24 
35-40 
100 
29/79 
2 -132 


This comparator 
is designed for use in level detection and low- 


level sensing applications 
in Consumer, Automotive 
and Industrial 
electronic applications. 


• 
Power Supply Options - 
Single Supply = 2.0 to 36 Vdc 
Split Supplies = ±1.0 to ±18 Vdc 


• 
Wide Operating Temperature Range - -40 to +850C 


• 
Low Supply Current Drain - 
2.0 mA (Max) 


• 
Low Input Biasing Current - 
25 nA (Typl 


• 
Low Input Offset Voltage - 2.0 mV (Maxi 


• 
TTL and CMOS Compatible 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Power Supply 
Voltage 
Vcc 
.36 or 
'18 
Vdc 


Input Differential 
Voltage 
Range 
V,DA 
36 
Vdc 


Input Common 
Mode Voltage Range 
VICA 
-0.3 '0 +36 
Vdc 


Output 
Sink Current 
'sink 
20 
mA 


Power DiSSipation 
@ T A = 2SuC 
PD 


Plastic Package 
125 
Watts 


Derate 
above 
25°C 
10 
mW,oC 


Operating 
Ambient 
Temperature 
qange 
TA 
-40 to +85 
°c 


Storage 
Temperatur€ 
Range 
T stg 
-65 to +150 
°c 


LM2901N 


QUAD 
COMPARATOR 


SILICON 
MONOLITHIC 


INTEGRATED 
CIRCUIT 


N SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


PIN CONNECTIONS 


Output 
OutPut I 


2 
3 


Output 
Output 
, 
.. 


Gnd 


- 
Input 
+Input 
1 
4 


+Input 
-Input 
1 
4 


- 
Input 
+Input 
2 
3 


.•. Input 
-Input 
3 


Top View 


'<j 


13 


~ 
OUTPUTS 


'ce = + 
de, 
A- 
un ell a 
erWIN not 
Ctwrec:t.iltic 
Symbol 
Min 
Typ 
Mo. 
Unit 


Input 
Offset 
Voltage 
VIO 
- 
2,0 
7.0 
mVdc 


IV,.,' 
1.4 Vde, Vo • 1.4 Vdc, AS' 
0) 


Input 
Offset 
Current 
110 
- 
.5.0 
.50 
nA 


Input 
Bias Current 
liB 
- 
25 
250 
nA 


Input 
Common 
Mode 
Voltage 
Range 
(Note 
11 
VICA 
0 
- 
VCC 
-1.5 
V 


Supply 
Current 
ICC 
- 
O.B 
2.0 
mA 


(AL --) 
lee 
Response 
Time 
(Note 
2) 
- 
- 
1.3 
- 
1'1 
IVAL 
- 5.0 Vdc, AL' 
5.1 knl 


Output 
Sink Current 
Isink 
mA 


lVII-I;> 
+1.0 Vdc, VI(+): 
0, Vo 
<; +1.5 Vde) 
6.0 
16 
- 


Saturation 
Voltage 
V ••• 
mV 
(VI(_I 
;> +1.0 Vde, VI(+) • 0, I,ink 
- 4.0 mAde) 
- 
- 
400 


Output 
Leakage 
Current 
10L 
0.1 
I'A 


(VII+) 
;> +1.0 Vdc, VII_) 
= 0, VO' 
5.0 Vdel 


Notes 
1. 
The input 
common-mode 
voltage 
or either 
input 
signal voltage 
should 
not be allowed 
to go negative 
by more 
than 
300 mY. The 
upper 
end of the common-mode 
voltage 
range 
is VCC -1.5 V. but either 
or both 
inputs 
can go to +30 Vdc without 
damage. 


2. 
The response 
time specified 
is for a 100 mV input 
step with 
5 mV overdrive. 
For large signals. 300 ns is typiC81. 


R3 
'0 _ 
'0 _ 
V,N 


RREF 
Vo 
+VCC 


-=R2 
VREF 
,M 
,o- 
R' 


-= 
~ 
VREF 
~ 
AREF 
+ R1 


R3::l1r R1 1/ RREF" 
R1 


RlI/RREF 
(VOm •• 
-VOm;nl 
RlI/RREF 
+ R2 


Amount 
of Hys •• ,.•• is VM 


VH - R2:2 R3 
(VOm.x 
- VOmin) 


TYPICAL 
CHARACTERISTICS 


(VCC = +15 Vdc. TA = +250C unless otherw;,e 
noted,) 
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080 
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VCC 
RL 
LOGIC 
DEVICE 
VOlts 
kn 


CMOS 
1/4 MC14001 
+ 15 
'00 
TTL 
1/4 
MC7400 
+5 
10 


60 


1 
48 


>- 
ffi 
'" 
36 
'"a..,« 
;;; 
2e 
>-~ 
;!; 
~ 
12 
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- 
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I 
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TA::: +850C 


I 
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.....-' / 
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,/ 
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/ 
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/ 
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/ 
'/ 
/ 
/ 
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f/ 
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<' 
6.0 


E 
>- 
:fi 
50 
'"'"a 
4.0 
"z 
in 
~ 
3.0 


~~ 
2.0 
z§ 
10 


Vo 


venn 
-j~I- 


T 1 '" T2 
- 0.69 
RC 


f ~ 2.:!- 


CI ••F) 


A2' 
A3' 
A4 


R 1 ~ R2/1R3/IA4 


The 
LM2901 N is a quad 
comparator 
having 
high gain, 


wide 
bandwidth 
character 
istics. This gives the device 
oscil· 


lator 
tendencies 
if the outputs 
capacitively 
couple 
to the 


inputs 
via 
stray 
capacitance. 
This 
oscillation 
manifests 


itself 
during 
output 
transitions 
(VOL 
to 
VOH). 
To 


alleviate 
this 
situation 
input 
resistors 
<10 
kQ 
should 


not 
be used. 
The 
addition 
of positive 
feedback 
«10 
mV) 


is also recommended 


It is good design 
practice 
to ground 
all unused 
pins. 


Differential 
input 
voltages 
may 
be 
larger 
than 
supply 


voltage 
without 
damaging 
the comparator's 
input 
voltages. 


More negative 
than 
-300 
mV should 
not be used. 


r 
I 
I 
I 


~~(-) 
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SINGLE-SUPPLY. 
LOW-POWER. 
LOW-OFFSET-VOLTAGE 
DUAL 
COMPARATORS 


The LM 193 series are dual independent 
precision 
voltage 
comparators 
capable of si ngle-or split-supply 
operation. 
These 
devices are designed to permit a common mode range·to-ground 
level 
with 
single-supply 
operation 
Input 
offset-voltage 
specifications 
as low as 2.0 mV make this device an excellent 


selection 
for many applications 
in consumer 
automotive, 
and 


industrial electronics. 


• 
Wide Single-Supply Range - 
2.0 Vdc to 36 Vdc 


• 
Split-Supply Range - 
±1.0 Vdc to ±18 Vdc 


• 
Very Low Current'Drain Independent of Supply-Voltage - 
0.4 mA 


• 
Low Input Bias Current - 
25 nA 


• 
Low Input Offset Current - 
5.0 nA 


• 
Low Input Offset Voltage - 
2.0 mV(max) LM 193A/293A/393A 
- 
5.0 mV (max) LM1931293/3'l3 


• 
Input Common Mode Range to Ground Level 


• 
Differential 
Input Voltage-Range Equal to Power Supply Voltage 


• 
Output Voltage Compatible with DTL,ECL,TTL, MOS and CMOS 
Logic Levels 


LM193A 
LM293A 
LM393 
LM393A 
LM2903 


LM193 
LM293 


H SUFFIX 


METAL 
PACKAGE 


CASE 
601 


Vcc 


N SUFFIX 


PLASTIC 
PACKAGE 


CASE 
626 


Output 
A 
1 


Input$Al2 


ORDERING 
INFORMATION 


Temperature 


Device 
Range 
Package 


LM193AH,H 
-55 
to +125°C 
Metal Can 


LM293AH.H 
-25 
to +85°C 
Metal 
Can 


LM393AH.H 
0(0 
+JOoe 
Metal 
Can 


lM393AN,N 
010·70oe 
Plastic 
MIni 
DIP 


lM2903N 
-40 to .ssoe 
Plastic 
Mini 
DIP 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
Vee 
+36 or +18 
Vdc 


Input Differential 
Voltage 
Range 
VIOR 
36 
Vdc 


Input Common 
Mode Voltage 
Range 
VieR 
-0.3 
to +36 
Vdc 


Input Current 
(1) 
lin 
50 
mA 
IVin < -0.3 Vdc) 


Output 
Short Circuit-to-Ground 
Ise 
Continuous 
mA 
Output 
Sink Current 
'sink 
20 


Power 
Dissipalion 
@ TA;: 25°C 
Molded 
DIP 
Po 
570 
mW 
Derate 
above 25°C 
l/ROJA 
5.7 
mW/oC 


Melal 
Can 
Po 
830 
mW 
Derate 
above 25°C 
l/ROJA 
6.64 
mW/oC 


Operating 
Ambienl 
Temperature 
Range 
TA 
°e 
LM193.193A 
-55 to +125 
LM293.293A 
-25 to +85 
LM393.393A 
o to +70 
LM2903 
-40 to +85 


Maximum 
Operating 
Junction 
Temperature 
TJlmax) 
°e 
LM393. 
393A. 
2903 
125 
LM193. 
193A. 293. 293A 
150 


Siorage 
Temperalure 
Range 
Tsta 
-65 to +150 
°e 


LM193A 
LM293A. 
LM393A 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input Offset Voltage 12) 
VIO 
mV 
TA = 25°C 
- 
±1.0 
±2.0 
- 
±1.0 
±2.0 


Tlow'; 
TA'; 
Thioh 
- 
- 
4.0 
- 
- 
4.0 


Input 9ffset 
Current 
110 
nA 
TA = 25°C 
- 
±3.0 
±25 
- 
±5.0 
±50 
Tlow'; 
TA'; 
Thiah 
- 
- 
±loo 
- 
- 
+150 


Input Bias Current 
(3) 
118 
nA 
TA = 25°C 
- 
25 
100 
- 
25 
250 


Tlow'; 
TA'; 
Thiah 
- 
- 
300 
- 
- 
400 


Inpul Common 
Mode Voltage 
Range (4) 
VieR 
Volts 
TA = 25°C 
0 
- 
Vee -1.5 
0 
- 
Vee -1.5 


Tlow'; 
TA'; 
Thiah 
0 
- 
Vee -2.0 
0 
- 
Vee -2 0 


Voltage 
Gain 
AVOL 
50 
200 
- 
50 
200 
- 
V/mV 
RL'" 
15 k!l. Vee = 15 Vdc. TA = 25°C 


Large Signal 
Response Time 
- 
- 
300 
- 
- 
300 
- 
ns 


Vin ;: nL 
Logic SWing, Vref ;: 1.4 Vdc 


VRL = 5.0 Vdc. RL = 5.1 k!l. TA = 25°C 


Response 
TIme {51 
tTLH 
- 
1.3 
- 
- 
13 
- 
~s 


VRL = 5.0 Vdc. RL = 5.1 kit TA = 25°C 


Input Dlfferenlial 
Voltagt! (51 
VID 
- 
- 
Vee 
- 
- 
Vee 
V 
All Vin ~ Gnd or V- Supply lit used) 


Outpul 
Sink Currenl 
'sink 
60 
16 
- 
6.0 
16 
- 
mA 
Vin- '" 1.0,Vdc. Vin+ = 0 Vdc. VO'; 
1.5 Vdc 
TA = 25°C 


Output 
Saluration 
Voltage 
VOL 
mV 
Vin- ~ 
1.0 Vdc, Vin+ ;: 0, Isink ~ 4.0 mA, TA ;: 25°C 
- 
150 
400 
- 
150 
400 
Tlow'; 
TA'; 
Thiah 


....: 
- 
700 
- 
- 
700 


Output 
Leakage 
Current 
IOL 
nA 
Vin- = 0 V. Vin+ '" 1.0 Vdc. Vo = 5.0 Vdc. TA = 25°C 
- 
0.1 
- 
- 
0.1 
- 
Vin- = 0 V. Vin+ '" 1.0 Vdc. Vo = 30 Vdc. 
- 
- 
1.0 
- 
- 
1.0 


Tlow'; 
TA'; 
Thiah 
S~pply Current 
Ice 
mA 
RL ;: 00 BOlh Comparators, 
TA ;: 25°C 
- 
0.4 
1.0 
- 
0.4 
1.0 
RL;: 
00 80th 
Comparators. 
Vee; 
30 V 
- 
1.0 
2.5 
,- 
1.0 
2.5 


+LM193/193A 
- 
Tlow = -55°C. 
Thigh = +125°e 
LM293/293A 
- 
Tlow = -25°C. 
Thigh = +85°e 
LM393/393A 
- 
Tlaw = ooe. Thigh = +70°C 
LM2903 
- 
Tlow = -40°C. 
Thigh = +85°e 


LM193 
LM293. 
LM393 
LM2903 
Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input Offset Voltage (2) 
VIO 
mV 
TA ~ 25°C 
- 
±10 
±5.0 
- 
±1.0 
±50 
- 
±20 
±70 


Tlow'" 
TA'" 
Thiah 
- 
- 
90 
- 
- 
90 
- 
90 
15 


Input Offset Current 
110 
nA 
TA ~ 25°C 
- 
±3.0 
±25 
- 
±5.0 
±50 
- 
±5.0 
±50 


Tlow'" 
TA'" 
Thiah 
- 
- 
±100 
- 
- 
±150 
- 
±50 
±200 


Input Bias Current 
(3) 
liB 
nA 
TA~ 25°C 
- 
25 
100 
- 
25 
250 
- 
25 
250 


Tlaw'" 
TA'" 
Thiah 
- 
- 
300 
- 
- 
400 
- 
200 
500 


Input Common Mode Voltage 
VieR 
Volts 
Range (4) 
TA ~ 25°C 
0 
- 
Vee -15 
0 
- 
Vee -15 
0 
- 
Vee-1.5 
Tlaw'" 
TA'" 
Thiah 
0 
- 
Vee -2.0 
0 
- 
Vee -2.0 
0 
- 
Vee -2.0 


Voltage Gain 
AVOL 
50 
200 
- 
50 
200 
- 
25 
200 
V/mV 
RL;;' 
15 kll. Vee 0 15 Vdc. 
TA ~ 25°C 


Large Signal Response Time 
- 
- 
300 
- 
- 
300 
- 
- 
300 
- 
ns 
Vin = TlL 
Logic Swing. 


Vref ~ 1.4 Vdc 


VRL ~ 5.0 Vdc. RL 05. I kll. 


TA'o 25°C 


Response 
Time 
(5) 
'TLH 
- 
1.3 
- 
- 
13 
- 
- 
1.5 
- 
~s 
VRL ~ 5.0 V~c. RL ~ 5.1 kll. 
TA ~ 25°C 


Input Differen1ial 
Voltage (6) 
VID 
- 
- 
Vee 
- 
- 
Vee 
- 
- 
Vee 
V 
All Vin;;' 
G!'q or V- Supply 
(if used) 


Output Sink Current 
Isink 
6.0 
16 
- 
6.0 
16 
- 
6.0 
16 
- 
mA 
Vin- 
~ 
1.0 Vdc, Vin+:= 0 Vdc, 
VO'" 
1.5 Vdc TA 0 25°C 


Output Saturation Voltage 
VOL 
mV 
Vin- ~ 1.0 Vdc, Vin+ = 0, 
- 
150 
400 
- 
150 
400 
- 
- 
400 
Islnk'" 
4.0 mA. TA ~ 25°C 
Tlow'" 
TA'" 
Thiah 
- 
- 
700 
- 
- 
700 
- 
200 
700 


Output 
Leaka!}e Current 
10L 
nA 
Vin- 
= 0 V. Vi:1+ ~ 
1.0 Vdc. 
- 
0.1 
- 
- 
0.1 
- 
- 
0.1 
- 


Vo 05.0 
Vdo TA 0 25°C 
Vin- 
= 0 v, Vin+ ~ 1.0 Vdc. 
- 
- 
1000 
- 
- 
1000 
- 
- 
1000 
Vo ~ 30 Vdc. 
Tlow'" 
TA'" 
Thiah 
Supply Current 
Ice 
mA 
RL = 00 8ott'! Comparators, 
- 
0.4 
1.0 
- 
0.4 
1.0 
- 
0.4 
10 
TA ~ 25°C 
RL = 00 80th Comparators, 
- 
- 
2.5 
- 
- 
2.5 
- 
- 
2.5 
Vee ~ 30 V 


"LMI 93/193A 
- 
Tlow ~ -55°C. 
Thigh ~ +125°e 


LM2931293A 
- 
Tlow 0 -25°C. 
Thigh ~ +85°e 
LM393/393A 
- 
Tlow 0 ooe. Thigh ~ :,70oe 


NOTES, 


III 
ThiS magnitude 
of input current 
will 
only occur 
if the input leads 
are 


driven 
more 
negative 
than ground 
or the negative 
supply 
voltage. 
This 


is due 
to the 
input 
PNP collector-base 
junction 
becoming 
forward 


biased, 
acting 
as an input 
clamp 
diode. 
There 
is also 
a lateral 
PNP 


parasitic 
transistor 
action 
on the IC chip. 
This phenomena 
can cause 


the output 
voltage 
of the comparators 
to go to the VCC voltage 
level 


(or ground 
if overdrive 
is largel 
during 
the 
time 
the 
input 
is driven 


negative. 
This will 
not destroy 
the device 
and normafoutput 
states 
will 


recover 
when 
the inputs 
become> 
-0.3 V of ground 
or negative 
supply. 


(2) 
At output 
switch 
point, 
Vo = 1.4 Vdc, Rs:: 0 n with 
VCC from 
5.0 Vdc 


to 30 
Vdc, 
and 
over 
the 
full 
input 
common-mode 
range 
(0 volts 
to 


VCC ~1.5 volts) 


(3) 
Clue to Ihe 
PNP Iran·sistor 
inputs. 
bias 
current 
will 
flow 
out 
of the 


inputs. 
This current 
is essentially 
constant, 
independent 
of the output 


state. 
therefore. 
no loadmg 
changes 
will 
exist on the input 
lines 


(4) 
Input 
common 
mode of eIther 
input 
should 
not be permitted 
to go more 


than 
0.3 
V negative 
of ground 
or minus 
supply. 
The 
upper 
limit 
of 


common 
mode 
range 
is VCC -1.5 
V, but either 
or both 
inputs 
can be 


taken 
to as high 
as 30 volts without 
damage. 


(5) 
Response 
time is specified 
with 
a 100 mV step and 5.0 mVof 
overdrive 


With 
larger 
magnitudes 
of overdrive. 
faster 
response 
times 
are 


obtainable. 


(6) The comparator 
will 
exhibit 
proper 
output 
state, 
if one of the 
inputs 


become 
greater 
than 
VCC. the 
other 
input 
must 
remain 
wit.hin 
the 


common 
mode 
range. 
The 
low 
input 
state 
must 
not 
be 
less 
than 


-0.3 
volts of ground 
or minus 
supply 


(7) 
If input 
signals 
exceed VCC. only the overoriven 
comparator 
is affected 


(8) 
Overdriven 
inputs 
should 
be limited 
to 25 Vwhen 
using 
a 5.0 V supply 


Input 
current 
limiting 
resistors 
should 
be used when 
inputs 
are likely 


to exceed 
supply 
positive 
supply 
voltage 


80 


10 


160 
~i 
50 


u 
40 
~ 
« 
a;~ 30 
~~ 20 
:j! 


10 


TA = -55°C 


TA = OOC 


TA - t25°C 


TA-t70"l 
- 


T 


T~ = t125iC 


co 
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0.1 
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>= 
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~ 
001 
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06 
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I 


----- 
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I 
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VCC. SUPPLY 
VOLTAGE IVd'l 
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~ 
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VCC. SUPPLY 
VOLTAGE IVd'l 


These dual comparators feature high gain. wide band- 


width 
characteristiCS. 
This 
gives 
the 
device 
oscillation 
tendencies if the outputs are capacitively coupled to the 


inputs 
via 
stray 
capacitance. 
This 
oscillation 
manifests 
itself during output transitions (VOL to VOH).To alleviate 
this situation input resistors < 10 kll should be used. The 


VCCloL 
Vo 


o 


addition of positive feedback « 
10 mV) is also recom- 


mended. 


It is good design practice to ground all unused pins. 
Differential 
input. voltages may be larger than supply 


voltage without damaging the comparator's input volt- 
ages. More negative than -0.3 V should not be used. 


"ON" for 
t ;!: to + At 


~=eRC i.n(~) 
VCC 


Vinl'refll 
r 
O~ 
H 


vol--"" 
~ 
O--:-~ 
:~. 


I 
." 
" 
VCiVrel:~ 
-- --:-r- 
o~: 
L-./ 


tol ~.f!- -t- 


FIGURE 
12 - 
COMPARATOR 
WITH 
HYSTERESIS 


VCC 


RS 
- 
Rll! 
R2 
(VCC- VroflRl 
V,M ~ Vrel + Rl 
+ R2 + RL 


V 
- V 
.,Vrel 
- VoLowl Rl 
Ih2 
- 
reI 
Rl + R2 + RL 


The maximum power consumption an integrated circuit 
can tolerate at a given operating ambIent temperature, can 
be found from the equation: 


TJlmax) -TA 


PDIT AI = 
ROJAITypl 


the sum of the products of the supply voltages and supply 
currents at the worst caseoperating condition. 


Where: PD(TA) 
= Power Dissipation allowable at a given 


operating ambient temperature. This must be greater than 


TJlmaxl = Maximum Operating Junction Temperature 


as listed in the Maximum 
Ratings Section 


TA = Maximum Desired Operating Ambient 


Temperature 


ROJAITyp) = Typical Thermal ResistanceJunction to 
Ambient 


HIGH·VOL 
TAGE, 
HIGH·CURRENT 
DARLINGTON 
TRANSISTOR 
ARRAYS 


The seven NPN Darlington·connected 
transistors 
in these arrays 
are well 
suited 
for 
driving 
lamps, relays, or printer 
hammers in 
a variety of industrial 
and consumer applications. 
Their high break· 
down voltage and internal 
suppression diodes insure freedom from 
problems 
associated with 
inductive 
loads. Peak inrush 
currents 
to 600 mA perm it them to drive incandescent lamps. 
The 
MC1411 
device 
is a general·purpose 
array 
for 
use with 
DTL, 
TTL, 
PMOS, or CMOS Logic. The MC1412 contains a zener 
diode 
and resistor 
in series with 
the input 
to limit 
input current 
for use with 
14 to 25 Volt PMOS Logic. The MC141J with a 2.7 Hl 
series input 
resistor is well suited for systems utilizing 
5 Volt 
TTL 
or CMOS Logic. 
The MC1416 uses a series 10.5 Hl resistor and 
is useful in 8-18 
Volt MOS systems. 


MAXIMUM 
RATINGS 
(TA = 25°C and rating apply to anyone device in the 
package unless otherwise noted.) 


Rating 
Symbol 
V.lue 
Unit 


Output 
VoltOlla 
Vo 
50' 
V 


Input 
Voltago (Excapt 
MC14(1) 
VI 
30 
V 


Colleetor 
Current 
- 
Continuous 
IC 
500 
mA 


Be•• Current 
- 
Continuoul 
IB 
25 
mA 


Operating Ambient Temperatur. 
Ringe 
TA 
o to +B5 
C 


Storeg. Temperatur. 
Rang. 
Tit; 
-55 
to +150 
°c 


Junction Temperatur. 
TJ 
150 


Uc 


M.ximum Plcklge Power Dillipation 
(S.e Thermal 
Information 
Section) 
·Higher volt ••• 
Ieetio" IVlilabll. 
see your local repre •• ntative. 


9665 - SN75476 - ULN2001A 
- order MC1411P 
9666 - SN75477 - 
ULN2002A 
- order MC1412P 
9667 - SN75478 - 
ULN200JA 
- order MC141JP 
9668 - 
- 
ULN2004A 
- order MC1416P 


Mli141l 
MC1413 
MC1416 


PERIPHERAL 
DRIVER 
ARRAYS 


SILICON 
MONOLITHIC 


INTEGRATED 
CIRCUITS 


PSUFFIX 


PLASTIC 
PACKAGE 
I 
CASE 
648 


..- 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
620 


Char.cterm:ic 
Symbol 
Min 
Typ 
MOl< 
Unit 


Output 
Leakage Current 
'CEX 
"A 
·(Vo 
- 50 V, TA ~ +700CI 
All Type. 
- 
- 
100 
·(Vo 
- 50 V, TA· 
+250CI 
All Type. 
- 
- 
50 


·{Vo 
- 50 V, TA - +700C, VI -6.0 
VI 
MC1412 
- 
- 
500 


·(Vo 
- 50 V, TA - +700C, VI- 
1.0 VI 
MC1416 
- 
- 
500 


Collector·Emitter 
Saturation 
Voltage 
VCE(satl 
V 


(lC - 350 mA, 18' 
500 "AI 
- 
1.1 
1.6 


(lC • 200 mA, 18' 
350 "AI 
- 
0.95 
1.3 


(lC ~ 100 mA, 18' 
250 "AI 
- 
0.85 
1.1 


Inp·ut Current 
- 
On...condition 
'lton) 
mA 
(VI ~ 17 VI 
MC1412 
- 
0.85 
1.3 
(VI· 
3.85 VI 
MC1413 
- 
0.93 
1.35 


{VI ~ 5.0 VI 
MC1416 
- 
0.35 
0.5 
{VI ~ 12 VI 
MC1416 
- 
1.0 
1.45 


Input Voltage 
- 
On Condition 
Vltonl 
V 


(VCE • 2.0 V. 'C - 300 mAl 
MC1412 
- 
- 
13 
(VCE ~ 2.0 V. IC' 
200 mAl 
""':1413 
- 
- 
2.4 


(VCE - 2.0 V,IC 
- 250 mAl 
MC1413 
- 
- 
2.7 


IVCE - 2.0 V, 'C - 300 mAl 
MC1413 
- 
- 
3.0 
{VCE - 2.0 V, IC ~ 125 mAl 
MC1416 
- 
- 
5.0 
(VCE • 2.0 V, IC' 
200 mAl 
MC1416 
- 
- 
6.0 


(VCE • 2.0 V, IC ~ 275 mAl 
MC1416 
- 
- 
7.0 
{VCE - 2.0 V, IC - 350 mAl 
MC1416 
- 
- 
8.0 


Input Current 
Off Condition 
'ltoff} 
50 
100 
"A 
(lC - 500 "A. 
TA • +700CI 


DC Current 
Gain 
hFE 
1000 
- 
- 
- 
(VCE' 
2.0 V,IC 
- 350 mAl 
MC1411 


Input Capacitance 
C 
- 
15 
30 
pI' 


Turn.()n 
Delay Time 
ton 
- 
0.25 
1.0 
". 
{50% EI to 50% EOI 


Turn-Qff 
Delay Time 
toff 
- 
025 
1.0 
". 
{50% EI 10 50% EOI 


Clamp Diode Leakage Current 
TA-+250C 
IR 
- 
- 
50 
"A 
{VR - 50 VI 
TA. 
+700C 
100 


Clamp Diode Forward 
Voltage 
VF 
- 
1.5 
2.0 
V 
(IF - 350 mAl 


FIGURE 
1 - OUTPUT CURRENT 
•••• u.INPUT 
VOL TAGE 
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7 - 
MAXIMUM 
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lAND 
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The eight NPN Darlington connected transistors 
in these arrays are in- 
tended for use as an interface between NMOS output and driving lamps, 
relays or printer hammers in a variety of industrial and consumer applica- 
tions. Their high breakdown voltage and internal suppression diodes in- 
sure freedom from problems associated with inductive loads. Peak inrush 
currents to - 300 mA permit them to drive incandescent lamps. 
Each drive has an output stage capable of sourcing 250 mA and a input 
configuration 
allowing 
operation from 3.7 
V to 15 V with 
less than 
1.6 mA of :nput current. 


Rating 
Symbol 
Value 
Unit 


Maximum 
output 
voltage 
VOUT 
-40 
V 


Maximum 
input voltage 
V'N 
-20 
V 


Maximum 
output current 
lOUT 
-300 
mA 


Maximum 
ground current 
Ice 
2.4 
A 


Operating temp. 
range 
TA 
o to 85 
°C 


Storage temp. 
range 
TSTR 
55 to + 150 
°C 


Junction temperature 
TJ 
150 
°C 


Continuous 
power 
dissipation 
per stage 
at 
Po 
600 
mW 
250 C ambient 


Continuous 
power 
dissipation 
per package 
at 
Po 
1.8 
W 
250 C ambient 


Thermal 
resistance 
junction 
to ambient 
6JA 
70 
°CIW 


Peak 
dissipation 
for total 
package 
at 500 C 
POPK 
4 
W 
ambient 
(input pulse 40 mS, duty cycle 20% 


MC1417 


PERIPHERAL 


DRIVER ARRAYS 


SILICON 
MONOLITHIC 


INTEGRATED 
CIRCUITS 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 701-01 


ORDERING 
INFORMATION 


Device 
I 
Temperatur. 
range 
I 
Package 


MC1417PI 
o to 85°C 
I 
Plastic 
dip 


CtMir.ct.ri.tic:. 
Symbol 
Mln 
Typ 
Max 
Unh 


Output 
leakage 
current 
- 
IOH 
- 
- 
150 
~A 


V"", 
= 
- 
40 V 
TA 
= 
700e 


lin 
= 
- 
10 ~A 


Output 
row level voltage 
- 
VOL 
- 
- 
2 
V 


I"", 
= - 
250 mA 
V = - 
30V 


lin 
= - 
400 
~A 


I"", 
= - 
100 mA 
V = - 
30 V 
- 
- 
1.8 


lin 
= - 
300 
~A 


Input current 
- 
High logic state 
---: IIH 
- 
- 
1.6 
mA 


Vin 
= - 
15 V 
V= 
- 
30V 


Input current 
- 
Low logic state 
- 
III 
50 
- 
- 
~A 
lout 
= - 
500 
~A 
V = - 
40V 
TA 
= 
700e 


Input voltage 
- 
High logic state 
- 
VIH 
- 
- 
3.7 
V 
Vol 
= - 
2V 
V= 
- 
30 V 
I••., 
= - 
250 
mA 


Quiescent 
current 
- 
Is 
- 
- 
100 
~A 


V" 
= - 
40 V 


Diode clamping 
voltage 
- 
V, 
- 
- 
2.9 
V 
Figure 
1 


Diode leakage 
current 
IR 
- 
- 
100 
~A 


V"", 
= - 
5V 
V" 
= - 
40V 
TA 
= 
700e 


Input capacitance 
e,N 
- 
- 
30 
p' 


V" 
= - 
30 V 
F 
= 
100 KHz 


Ch.r.ct.rlatlc 


Turn on delay 


Turn off delay 


l 
..... 
V •• 


1M9fW\AiiW 1 
'NI . 
_-I- 


I 
.' 
KJ 


-H- 
- 
G - 
- 
-0 
SEATING 


PLANE 


P SUFFIX 
Plastic package 
Case 701-01 
RaJA ~ 70° C/W 


A 


MilLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
23.11 
2388 
0.910 
0940 


B 
610 
6.60 
0.240 
0260 
C 
4.06 
457 
0.160 
0180 


D 
0.38 
0.51 
0015 
0020 
f 
1.02 
1.52 
0.040 
0060 


G 
254 
8SC 
0100 
8SC 


H 
1.32 
1.83 
0.052 
0.012 
J 
0.20 
030 
O.OOB 
0012 


K 
292 
343 
0.115 
0.135 


l 
1.37 
787 
0.290 
0310 
M 
00 
100 
00 
100 


N 
0.51 
1.02 
0.020 
0.040 


NOTES 
., 
lEAOSWITHINO 
13mm 
10005, 
RAOIUM 
Of 
TRUE 
POSITION 
AT SEATING 


PLANE 
AT MAXIMUM 


MATERIAL 
CONOITION 
101M ··G··, 


2. OIMENSION T· TO CENTER 


Of 
lEADS 
WHEN fORM 
EO 


PARAllEL 


the sum of the products of the supply volTagesand supply 


currents 
at the 
worst 
case operating 
condition. 


TJ(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 


TA = Maximum Desired Operating Ambient 


Temperature 


ROJA(Typ) = Thermal Resistance Junction to Ambient 


MC1417 


A'JA = 70° 
C/W 
TA = 85°C 


MC1417 
VEE=-5V 
I," = - 
400 
JlA 


/ 


A' 


3 
-300 


4 
-200 


5 
-100 


6 
7 
8 


EE 
- 
- 


I 
I 
i 
..r 


v 


EE = - 


-- 
I- 


- 
--,- 


~- 


- 
- 


DevIce 


MC1445F 
MC1445G 
MC1445L 
MC1545F 
MC1545G 
MC1545L 


Temperature Range 


O°C to +75°C 
OOCto +75OC 
O°C to +75OC 
-55°C 
to +125OC 
-55°C 
to +125°C 
-55°C 
to + 125°C 


Package 


C&ramic 
Flat 
Metal Can 
Ceramic 
DIP 
Ceramic 
Flat 
Metal Can 
Ceramic 
DIP 


GATE CONTROLLED 
TWO-eHANNEl·INPUT 
WIDEBAND 
AMPLIFIER 
· designed for use as a general·purpose gated wideband-amplifier, 


video switch, senseamplifier, 
multiplexer, modulator, FSK circuit, 
limiter, 
AGC circuit, 
or pulse amplifier. 
See Application 
Notes 
AN491 for design details. 


• LargeBandwidth; 50 MHz typical 


• Channel-SelectTime of 20 ns typical 
• Differential Inputs and Differential Output 


.-j 


Channell 


Input 


.-j 


Channel 
2 
Input 


E-- Audio Input 
~ 
5.0 k ~ 


.-j 
'V 


SIgnal 


Input 
:;Sut 


MC1445 
MC1545 


GATE CONTROLLED 
TWO-CHANNE 
L-I NPUT 
WIDEBAND 
AMPLIFIER 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


G SUFFIX 


METAL 
PACKAGE 


CASE 603 
(top view) 


~ 


FSUFFIX 


~ 
~ 
CERAMIC 
PACKAGE 


CASE 
607 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 
TO·116 


Rating 
Symbol 
Value 
Unit 


Power Supply 
Voltage 
VCC 
+ 12 
Vde 


VEE 
-12 
Vde 


Input Dlfferenflal 
Voltage Range 
V,OR 
,5.0 
Volts 


Load Current 
I L 
25 
mA 


Power DIssipation 
(Package Limitation) 
Po 
Flat Package 
500 
mW 


Derate above TA 
'=' "'2SoC 
33 
mW/oC 


Ceramic Dual In·Llne Package 
625 
mW 


Derate above TA - +250C 
5.0 
mW/oC 


Metal Can 
680 
mW 


Derate above T A ;::;+ 2SoC 
4.6 
mW/oC 


OperatIng Ambient 
TemreratlJre 
Range 
MC1445 
TA 
o to 
+ 75 
°c 


MC1545 
-55 to 
+ 125 


Storage Temperature 
Range 
Tstg 
-65 to .•.150 
°c 


Single-Ended Voltage Gain 


BandWidth 


195 
I 
23 


50 


10 
I 
Input Impedance 


If 
0 
50 kHzl 
~- 
Output 
Impedance 
If = 50 kHzl 


Output 
Differential 
Voltage Range 


(RL'= 
1.0 
k ohm, 
f;::; 
50 
kHz) 


InpL:t Bias CurrcIlt 


Ir'put Offset Current 


~pu, 
Offset 
Voltage 


16 
"B 


16 
110 
- 
17 
Via 


17 
Va 


17 
-'Va 


15 
25 


20 
I 


1.0 
5.0 


0.1 


. 15 
i 


I 


QUlesr.ent Output 
de level 


Output 
dc level 
Cha:1ge 
(Gate Input 
VOlta~ 
Change 
+5.0 V to 0 V) 


Common· Mode Reject!on 
Ratio 


~~OkHZI 


Input ComrT·:onMode Voltage Range 


Gate Charac:teristlc~ 


Gate Input VoHdge _. Low Log'c State (Note 1) 


Gat€ Input Voltage - High Logic Statt" I Note 21 


Gate Input Current 
-- low 
Logic State 


IV'LlGJ 
= 0 VI 
! 


Gate InP.ut.current 
_. High Logic State 
j 
18 
IIHIG) 


IV,HIG' 
= +5.0 VI 
----------l---;--- 


Step Respon5e 
19 
tpu, 


(e1n 
;::;20 
mV) 
tPHL 


tTLH 
tTHL 


---r- 85 
I 


18~'ICR 


8 
\/I::GI 


V,HIGJ 


18 
IILlGI 
- 
I 
25 


! 


~-20 


+---- 
• 
6.5 
I 
10 
63. 
10 
65 
15 
70 
i 
15 


65 
I 


6.3 
I 
65 
I 
70 


I 


Wideband Input Noise 


(5.0 Hz - 
10 MHl, 
RS "" 50 ohms) 


DC Power Consumption 


Note 1. VI LiGI 
is the gate voitag£: Which results in cnannel A ga::"'! 
of unity 
"r less 3nd chan'.el B ga!n ot 16 dB or greater 
Note 2 
VlH(Glls 
the gate \,foltagewhich results In channi'l 
B gain of un!t"o{or Ics,::ar,d ch3n:H;~1A ga;n of 16 dB or g,-eater 


0.1 
I 


. 15 
! 


un:,l 


d8~ 


MH<, 
, 


••.ch:ns 
I 


J.."A •...•.e 


;..Ade 


Vdc 


mVI 
II 


dB 
"1 


Va 
I 


Vde 
I 


! 


mA 
I 


~1 


,uVlrms' 
! 
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FIGURE 
1 - 
SINGLE·ENDED 
VOL TAGE GAIN 
versus 
FREQUENCY 
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FIGURE J - VOL TAGE GAIN 
versus 
POWER SUPPL Y VOLTAGES 
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FIGURE 
5 - 
INPUT Cp AND Rp versus 
FREQUENCY 
(BOTH CHANNELS) 
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FIGURE 
4 - OUTPUT VOLTAGE 
SWING 
versus 
LOAD RESISTANCE 
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FIGURE 
7 - CHANNEL 
SEPARATION 
versus 
FREQUENCY 
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FIGURE 
12 - SINGLE·ENoEo 
VOLTAGE 
GAIN 
AND 
BANDWIDTH 
TEST CIRCUIT 


CL" 
15 pF 
and 
includes 
jig 


and voltmeter 
capacitance. 


Boonton 
AF 
Voltmeter 
or Equivalent 


Rl 


100 
k 
10 Turns ! 


O,Vo • Change 
in V2 Reading 


Switch 
$, and rudJust 
R 1 for 
V, "'"0 


f 
E: 50 
kHz 


Vi 
= 50 mV(rms) 


110 is the 
difference 


in current 
reading 
when either $1 or 52 
Is switched. 


FIGURE 
18 - 
GATE 
CURRENT 
{HIGH 
AND 
LOW!. 


COMMON·MODE 
REJECTION 
AND 
COMMON·MODE 
INPUT 
RANGE 
TEST 
CIRCUIT 


CMRA '"'20 IOg[~J 
Ave 


:r: CL 
7 


'"=' 
To "8" 
Channel 
of 
Scope 
CL 


Scope - 
Tek tronix 
567 
or eQui", 


Vi'" 
2QmV 


tTLH 
'" tTHL 
< 5,0 ns 


~!--tPHL 
J'U~ 
\[ 


I 


True rms Voltmeter 
with Bandwidth 
of 
5.0 Hz to 
10 MHz 
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40 ---t~~ 
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! 


~ 
10 
-i--~ 


~ 
1 


<5 


Device 


MC3301l 
MC3301P 


Temperature 
Range 


_40°C to +85°C 
-40°C to +85°C 


Package 


Ceramic 
DIP 
Plastic 
DIP 
Me330l 


QUAD 


OPERATIONAL 
AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATEO 
CIRCUIT 


QUAD SINGlE-SUPPl 
Y 


OPERATIONAL 
AMPLIFIER 
FOR AUTOMOTIVE 
APPLICATIONS 


r-------::::;;;:------------- 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
632 


These internally compensated operational amplifiers are des gn<>d 


specifically 
for 
single 
positive 
power 
supply 
applications 
found 
in 
automotive 
and consumer electronics. Each MC3301 contains four 
independent amplifiers -- making itideal 
for automotive safety, pol· 


lution, 
and comfort 
controls. 
Some typical applications are tacho 
meter, voltage regulator, 
logic circuits, 
power control 
and other 


similar 
usages. 


• 
Wide Operating Temperature Range - -40 to +850C 


• 
Slngle·Supply Operation - +4.0 to +28 Vdc 


• 
Internally Compensated 


• 
Wide Unity Gain Bandwidth - 4.0 MHl typical 


• 
Low Input Bias Current ~ 50 nA typical 


• 
High Open·Loop Gain - 2000 VIV typical 


6~ 
AMPll2 
5 


I 
' 


6~~9 


13o-~ 


'~ 
__'~"'~'0 


7~1"~ 


GliOl/NO 
PIN 
1 


AV 
~ 


101:C 
R, 
'I 
l) 10 ~G~ 


A"~ 
p 
• .2&.... 
I 


VCCr"IV 
' 
',In'' 


8"" 
)~\l 
~Hl 


I, - 
• 
.~tr" 
'u 


.t 


lOk 


__ 
"1 
v 
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Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VCC 
+28 
Vdc 


Nonlnvertmg 
Input Current 
I, 
5.0 
mA 


Sink Curren t 
'sink 
50 
mA 


Source Current 
Isource 
50 
mA 


Power Dissipation (Package LImItation) 
Po 
625 
mW 


Derate above TA 
:= +250C 
50 
mW/oC 


Operating Temperature Range 
TA 
-40 to +85 
°c 


Storage Temperature Range 
1st9 
-6510+150 
°c 


Characteristic 
fig.No. 
Note 
Symbol 
Min 
Typ 
Ma. 
Unit 


Open· Loop Voltage Gain 
5 
Avol 
VIV 


TA = +250C 
1000 
2000 


-40°C";; 
T A ,,;; +850C 
1600 
- 


QUiescent Power Supply Current {Total for four ampllfters} 
6 
1 
mAde 


Noninverrlng 
,nputs open 
100 
69 
10 
Nanlnvertlng 
inputs gr:ounded 
lOG 
-- 
78 
14 


Input Bias Current. RL '= 00 
7 
2 
118 
nAdc 


TA- 
+250C 
50 
300 


-40°C";; 
TA";; 
'850C 
100 


Current M,rror Gain (I r 
200 ~Adcl 
7 
3 
AI 
080 
098 
1 16 
A/A 


Current Mirror GaIn Drift 
~o 


-40°C";; 
T A";; 
+850C 
.+- 25 


Output Current 
8 
mAde 


Source CapabilIty (VOH 
:= 04 
Vdcl 
lsource 
3.0 
10 
- 


(VOH 
= 90 
Vdcl 
-- 
7.0 


Sink Capabll ity 
(VOL 
= 0.4 Vdcl 
Is1nk 
0.5 
0.87 
- 


Output Voltage 
6 
Vdc 


HIgh Voltage 
VOH 
13.5 
14.2 
Low Voltage (Inverting Input Drivenl 
VOUinll) 
- 
0.03 
01 
(Noninllerting 
Input Dnllen) 
VOLInon) 
- 
0.6 
- 


Input Resistance (Inverting 
input onlyl 
Rin 
01 
10 
- 
Meg l! 


Slew 
Rale 
ICL = 100 pF, RL 
= 5.0kl 
SR 
- 
06 
- 
V/~s 


UnIty Gain Bandwidth 
4 
BW 
- 
4.0 
MHz 


PhaseMargin 
4 
'V,m 
_. 
70 
- 
Degrees 


Power Supply RejectIon (f- 
100 Hzl 
PSSR 
55 
_. 
dB 
------ 
I 
Channel Separation (f - 1.0 kHz} 
t:01leo2 
65 
- 
dB 


NOTES: 


1. The Q'Jlescent current 
dratn 
will 
Increase approximately 
03 
mA for each inverting or non inverting input that is grounded. 


2. 
Input bias current can be defined only for the inllertlng Input. 
The non Inverting Input is not a true "differentIal 
Input" 
- 
as 
with 
a conllentional 
Ie operational 
amplifier. 
As such thiS 


Input does not have a requirement for Input bias current. 


3. 
Current mIrror gain is defined as the current demanded at the 
inverting 
,"put 
dIvided by the current 
into 
the non inverting 
Input. 


4 
Bandwidth 
and phasE.'margin are defined WIth respect to the 
voltage gaIn from the inverting Input to the output. 


TYPICAL 
CHARAGTERISTICS 


(Vee 
= +15 Vdc, RL = 5.0 kn, 
TA = +250e 
(each amplifier) 
unless otherwise noted.) 


4.0 Vp P 


10kH, 
lO.f 
lOOk 
-%--1 


100.Sl~A 
'OG. 
SI 
A 


VOHI 
I. SI . C 
VOLll.Sl~B 
VOll-' 
$1;. 
A 


SI~OPEN 
SI ~ CLOSED 
SI ~ ClOSED 
SI ~ CLOSE 0 
51' 
CLOSED 


VCC 
100.A 
+15 Vdc 
VCC 
VQ 
~ 0.4 
Vdc 


~ 


100.A 
+15Vdc 
or 9 0 Vdc 


100 , 
10 k 
100 , 


SI 
A 
A 


118. $1 ~ A 
51 ~ A 
A,. SI 
c B 
SI ~ B 
Islnk. 
$1'" 
A 
lsource, 51 = B 
-=- 
-=- 


TYPICAL 
CHARACTERISTICS 
IVcc 
= +15 Vdc. RL 
= 5.0kH. 
TA 
= +250C 
[each amplifier] 
unless otherwise 
noted.) 
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FIGURE 
'1 - 
OUTPUT 
RESISTANCE 
v'"us 
FREQUENCY 
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The haslc amplifier 
IS the common emItter stageshown In Figures 


15 :lnd 16 
The active load 11 ISbuffered from the mput transistor 
by aPNP transistor, 04, and from the output by an NPN tranSIstor, 
02 
02 ISbIased class A by the current source 12. The magnitude 
of 12 lspectfled 
ISlnk) ISa limIting 
factor In capacltlvely coupled 


FIGURE 
15 


BLOCK 
DIAGRAM 


Inear operation 
at the output. 
The sink current of the deVice can 


IJe forced to exceed the specified level by keeping the output 
dc 


'/oltage above =:::: 1.0 volt resulting In an Increase rn the distortion 
appearmg at the output. 
Closed loop stability 
ISmaintained by an 


lJn-the·chlp 3·pF capacitor 
shown in Figure 
18 on the following 
page. No external compensation is required. 
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A 
nonuwert,ng 
Input 
IS obtaIned 
by adding a current 
mirror 
as 
shown In F,glHe 17 
ES<;tmtlaltyall current wnh'h enters the non· 


mvertlng 
rnpL.t, I~. flows 
through 
the dIode CR1 
The voltage 


drop at.:rossCR1 (vrresponds 
to this Input current magnitude and 
thiS same voltage ISapplied to a matched deVice, 03 
Thus 03 IS 
biased to t.:onduct an emitter 
current equal to Ir 
Smce the alpha 


The ClrClJltry common 
10 all four amplifiers 
IS shown 
III F Igurt: 19. 


see nl'),t page 
The purpose of thiS (;lfcultry 
IS to prOVIdeblasrng 
voltage for thl;! PNPand NPN current ~ource~used m the amplifiers 


Th~ voltage drops across diodes CR2, CA3 and CR4 are used as 
references 
The VOltage across reSIstor R1 ISthe sunl of the drops 
across CR4 and CR3 minUs th~ VSE 01 08. 
The PNP current 
sources (05, 
etc.) are set to the magnitude VSE.'R1 by tranSls(Or 


,:urrent gain of 03 =-: 1, Its collector current ISapproximately 
equal 
[0 Ir also 
In operation 
thiS current 
flows 
through 
an external 
feedback reslswr which 
generates the output 
voltage signal. 
For 
r1vertlng applicatiOns. the nontnver ttng rnput IS often used to set 
Ihe de qUiescent level at the output 
Techniques for dOing thiS are 
.jlseussed In the "Normal 
DeSign Procedure" section. 


INPUTS 
,.,- 


" 


06 
Tran!>lstor 07 
reduces base current 
loading 
The voltage 
across resIstor R2 ISthe sum of the vOltage drops dcross CR2, CR3 
and CR4. minus the VSE drops of tranSistor 09 and diode CR5. 
The current 
thus set ISestablished by CA5 In all the NPN current 
!.ourecs{Ql0,etc.1 
ThiS lechnlq\le results In current source magnl' 


ludes whIch are relatIvely Independent of the supply voltage. 
011 
(Figure 151provldesclreull 
protection 
from Signalsthat are negative 
With respect to ground. 


FIGURE 
19 - 
BIASING 
CIRCUITRY 


VCC· 


10 , 


(-I 


OUTPUT 


INPUTS 
CR2 


(-, 
CP3 


CR' 
CR4 


-= 
-= 
-= 
-= 
-= 


1. Output 
Q-Polnt Biasing 


A. A number of techniques may be devised to bta5 the qUiescent 
output 
voltage to an acceptable level. 
However, in terms of 


toop gain considerations 
.t 
IS usually 
deSirable to use the 


nonlnvertmQ 
Input 
to effect the bIasing as shown In Figures 
3 and 4 (see the first page of thiS specification). 
The high 
Impedance of 
the collector 
of 
the non inverting 
"current 
mIrror" 
tranSistor helps to achieve the maxImum loop gain 
for any particular 
configuration. 
't ISdeSirable that the non· 


inverting 
Input 
current 
be 
In the 10 p,A \0 200 p.A range. 


C 
Reference Voltage 
other 
than VCC (see Figure 201 


The 
bIaSing 
reSIstor 
A, 
may 
be returned 
to 
a vOltage 
IV r) 
other than VCC 
By setting Rf = Rr, (still keeping Ir be· 


tween 10 /.LAand 200 j.JAl the output de level WIll be equal 
to Vr. 
The expression for determining VOdc IS 


where (I ISthe VRF drop of the input tranSistors (~pproxi' 
mately 06 
Vdc 
@ ·2SoC and assumed equatl 
AI ISthe 
current mirror gain. 
B. VCC Reference Voltage (see FIgures 3 and 4) 


The noninverting 
input 
is normally 
returned to the VCC 


VOltage (which should be well filtered) 
through a resistor. 


Ar, allOWing the input current. II"' to be Within the range of 
10 IJA to 200 IJA 
ChOOSingthe feedback resistor, Rf, to be 
equal to Yl Rr Will now bias the amplifier output dc level to 


approximately 
y~C 
ThiS allows the maximum dynamiC 


range of the output voltage. 


2. Gain Determtnatlon 


A. Inverting Amplifier 


The amplifier 
ISnormally 
used In the Invertmg mode. The 
mput may be capaeitlvely coupled to aVOid upsetting the 
dc bias and the output 
is normally cap3Cltlvely coupled to 
eliminate the de voltage across the load. 
Note that when 
the output 
IS capacitively coupled to the load. the value of 


FIGURE 
21 - 
INVERTING 
AMPLIFIER 
WITH 


Av = 100 AND Vr = VCC 


510 , 


C· 
Ri 
0.1 "f 
51' 
Vin--1 
Vin .--..) 


VQ 


t 
1 M 
R, 
I, 


-= 
1'15 V 
V, 
·Select 
fOI 
low 
Av = 100 


frequency response. 


0.1 "fT 


VQ 


-='0' 


Islnk becomes a limitation 
with 
respect to the load drrvlng 


capahilities 
of the device. The limitation 
ISless <;evereIf the 
devIce ISdirect coupled 
In this configuration, 
the ac gatn 
ISdetermined 
by the ratio of Rf to R 
" 
In the same manner 
as for a conventional 
operational 
amplifier. 


The lower corner frequency 
ISdetermined 
hy the coupling 


capacitors to the Input and load reSistors 
The upper corner 


frequency 
will 
usually 
be determined 
by the amplifier 
In· 


ternal compensation. 
The amplifier 
unity 
gain bandwidth 
IStypically 
4.0 MHz and with the gain rolt·off 
at 20 oB per 
decade. bandwidth 
will 
typically 
be 400 kHz with 20 dB of 


closed loop 
g;;tln 
or 40 k Hz with 40 dB of closed loop gain 


The exception 
to thiS occurs at low gains where the Input 
resistor selected IS large. 
The pole formed by the amplifier 
Input capacitance, stray capacitance and the Input reSistor 
may occur before the closed loop gaIn Intercp.pts the open 
loop 
response curve 
The Inverting 
Input capacity 
IS typl' 


cally J 0 pF 


B 
Nonlnverttng 
Amplifier 


The MC3301 
may be used in the noninverting 
mode (see 


FIgure 4, first pagel 
The amplifier 
gaIn In thiS Lonflguratlon 


ISsubject to the current 
mirror 
gain 
In additIon, 
the reSIS· 


tance of the Input diode must be Included In the value of 


the Input resistor 
ThiS reSistance ISapproximately ?~ohms, 
I, 
where lr IS Input current In mtlharnperes 
The nonlnvertlng 
ac gain expreSStonISgiven by 


The bandWidth of the nontnvertlng conftguratlon 
for a given 


Rf value ISessentially Independent of ,he gain chosen 
For 


Rf 
= 510 kH 
the bandWidth will 
be in excess of 200 kHz 


for nonlnverting 
gains of 1, 10. or 100 
ThiS is a result of 
the loop 
gain remaIning constant 
for these gains since the 
Input resistor ISeffectively 
Isolated from the feedback loop 


MAGNETIC 
PICKUP 
HYSTERIStS 
AMPLIFIER 


100 k 


Hysle'lslS 
Vollage 
IOf SWllchlng 


VH 
< A~~.2 
(Vee' 
1 61 


NOTE 


For posillve 
TC une's 
R2 and R 1 un 
be 
selected 10 give 0 TC oUlput 


o llJF 
100 k 
r 


VOid,} < 70 Vd, 
OUlput Rise Time" 
0 22 ms 
Input Change TIme Constanl ,.. 1 0 ms 


These comparators are designed specifically for single positive· 
power·supply 
Consumer Automotive 
and Industrial electronic ap· 
plications. Each MC3302 contains four independent comparators - 
suiting 
it 
Ideally for usages requiring 
high densIty and low·cost. 


• 
Wide Operating Temperature Range- 
-40 to +850C 


• 
Single·Supply Operation - +2.0 to +28 Vdc 


• 
Differential 
Input Voltage = ±.VCC 


• 
Compare Voltages at Ground Potential 


• 
MTTL Compatible 


• 
Low Current Drain - 700 J1Atypical @ VCC +5.0 to +28 Vdc 


• 
Outputs can be Connected to Give the Implied AND Function 


Rating 
Symbol 
Value 
Unit 


Power Supply Range 
VCC 
+2.0 
to +28 
Vdc 


Output 
Sink Current 
(See Note 
11 
10 
20 
mA 


Differential 
Input 
Voltage 
V,OR 
,VCC 
Vdc 


Common-Mode 
Input 
Voltage 
Range (See Note 2) 
V'CR 
-0.3 to +Vcc 
Vdc 


Power Dissipation 
@ T A ""2SoC 
Po 
Plastic Package - 
P Suffix 
1.2 
Watts 


Derate 
above 
25°C 
10 
mW/oC 


Ceramic Package - 
L Suffix 
1.2 
Watts 


Derate 
above 
2SoC 
10 
mW/oC 


Operating 
Ambient 
Temperature 
Range 
TA 
°c 


both packages 
are guaranted 
at 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65to+150 
°c 


Requires 
an external 
resIstOr, 
RL. 
to limit 
current 
below 
maximum 
rating_ 


If either {+l or {-I inputs of any comparator 
go more than several tent-"lS of a volt 
below ground, a parasitic transistor turns "on" 
causing high input current and 
possible faulty outputs. 


1 


10. 


II. 
8- 
9' 


INPUTS 
4- 
5' 
6· 


7. 


MC3302 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


•• 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 
TO-116 ••• 


6~ 
CO~PTR 
1 


7 
• 
.~ 
COMPTR 
1 


5 
• 
1 


VCC 
- PIN 
3 


8$--a 


CO~PTR 
I' 


9 
• 


GROUND 
- PIN 
11 


14] 
13 


; 
OUTPUTS 


ELECTRICAL 
CHARACTERISTICS 
(VCC· 
+15 Vdc. TA - +250C (oach comperator) 
unla•• otherwi •• notad.) 


Chliraet.,inic 
D8finitions 
(1/4 Cirou it Shownl 
Ch.,aet.,istic 
Symbol 
Min 
Typ 
Mo. 
Unit 


'cc 
Input Offset Voltage IV'ef 
z 1.2 Vdcl 
1/10 
mVdc 


" 
ITA' 
'250CI 
3.0 
20 
IT A • -40 to +850CI 
40 


'. 
Input Offset Current 
110 
3.0 
nAdc 


V,.t 
Input Bias Current 
118 
nAdc 


'I 
IT A = -250CI 
30 
500 


"~a IV"t -v,,,, 
IT A • -40 10 +850CI 
1000 
~.~ 


Vortage Gain 
AYol 
VIV 
, 
I,,, 
t 
1 
III 
ITA' 
+250C. RL' 
15 knl 
2,000 
30,000 


',~ 
~ 
L 
" 
" 
Tran5Conductance 
gm 
2.0 
mhos 
-= 
':" 


Input Differential 
Voltage Range 
VIDR 
iVCC 
Vde 


Output LeakageCurrent 
10L 
j.lAdc 
(Output 
Voltage 
H'9hl 
10 


Output Voltage· 
Low Logic State 
VOL 
mVdc I 


v"' 
'. 
(Is = 2.0 mA, VCC:::' +5.0 to +28 Vdc 
150 
400 


Output 
Sink Current 
'sink 
mAde 
IVce 
• +5.0 Vdcl 
ITA' 
+250e, VOL' 
400 mVI 
6.0 


IT A • -40 to +850C. VOL' 
2.0 
800 mVI 


Input Common·Mode Voltage Range 
VICR 
Volts 


{Vec' 
+28 Vdcl 
0·26 


Common-Mode 
RejectIon RatIO 
eMRR 
60 
dB 


Propagation 
Delay Time 
tPHLlLH 
~, 


For Positive 
and Negative-Going 
20 


Input 
Pulse 
IRL'15knl 
.,~ 
l,tM, 
Transition Time 
tTHL 
0.15 
~s 


'lOO.'~ 
(RL' 
15 knl 
tTLH 
0.8 


JOOmV f," 


Power Supply Current (Total of four 
ICC 
mAdc 
comparators) 
lEE 
IRL • -. 
VCC • +5.0 to +28 Vdcl 
0.7 
1.8 


TYPICAL 
CHARACTERISTICS 


. {Vcc 
= +15 Vdc. TA +2SoC (each comparator) 
unless otherwise 
noted.) 


~ L.- 


L.- I-- 


I-- V 


L.- V 


Slopt 
can be tIther 
POblltv 


o•... 


~ 
120 


::; 
'"~ 
oz 
'" 
~ 
080 


:- 
•... 
w~ 
<; 
•... 
ir~ 
040-w 


f'.. 


J".... 


"- 


J".- 


•.•....• 


Slope can be !'Ihtr 
polarltv 
- 
I 
I 
I 
I 


o•... 
o 
180 
'"::; 
'"~ 
oz 
~ 
:i 
100 
B 
•... 
W~ 
o 
•... 
~ 


I I 
- 


f.- 
Tr1:.-f.- l- 


I---- 


TA '""25°C 


I 
I 


T A 
'" "85°C 


The MC3302 is a quad comparator having high gain, 


wide 
bandwidth 
characteristics. 
This 
gives 
the 
device 
oscillator 
tendencies if the outputs capacitively couple 


to 
the 
inputs 
via 
stray 
capacitance. 
This 
oscillation 
mani- 
fests itself 
during output 
transitions 
(VOL 
to 
VOH). 


To alleviate this situation input resistors< 10 kn should 


be used. The addition of positive feedback (1 to 10 mV) 


is also recommended. 


It is good design practice to ground all unused pins. 
Differential 
input voltages may be larger than supply 
voltage without damagingthe comparator's input voltages. 
More negativethan -300 mV should not be used. 


1M!! 
VCC 


Rl 
15k 


VCC 
VQ 


51. 


51. 


llJL 


51. 


va 


0 --,- 


lJlf 


". 
MCJJ02 
CQMPTR 


AS" 
A 1 II R2 


v 
. V 
t (Vet· 
V,el) 
A I 


'hI - 
fel 
Al 
t R2. 
RL 


(V'el- 
Vo low) RI 
Vlh2"V,el- 
Rl tR2tAl 


"-o--'''''''CO·.:II: 
~:C'ft~ 
JSU 
"1----;1 
~ 
:,-~ 


.1 _+~ 
_,_ 


MC3310P 


• 
High Audio Gain - 60 dB minimum 


• 
Useful 
as a Microphone 
Amplifier 
and in Tape Recorders and 
Cassettes 


• 
Excellent Performance as a 10.7 MHz FM/IF 
Ampl'ifier 


• 
High Transconductance 
(gm) Ideally 
Suited 
to 
Low 
Impedance 
Ceramic Filters 


Input 
20pF 
10.7 MH, 0----1 
50 Ohms 


0.01 ~FI 


Ll-5.41JH 


36 Turns. 
#30 
AWG 
Wire Wound 
on 1/4" 
Slug Tuned 


Form, 
Tapped 
8 Turns 
from 
Ground 
End. 


Slug: T.H. 
Material 
1/4" 
Dia., 
1/2" 
Length 


10k 
0.005~F 
VCC 
= 6.0 
V 
Record 


0 
Play 


560 
k 
5.6 
k 


1.0 k 


Input 
Output 


25 
j.lF 
6 


1.0 k 
27 k 


+ 
50l'F 1 


Play 


Record 
~ 


Rating 
Vllue 
Unit 


Power SupplV Voltage 
21 
Vdc 


Power Dissipation @TA 
== 25°C 
1.2 
Watts 


(Package Limitation) 


Derate above 25°C 
10 
mW/oC 


Operating Ambient Temperature Range 
o to +75 
°c 


Characteristic 
Min 
Typ 
Ma. 
Unit 


Open Loop Voltage Gain (Figure 3) 
60 
68 
- 
dB 


If 
= 1.0 kHz) 


h Parameters( 1) 
hll 
- 
1.0 
- 
k ohms 
If 
= 1.0 kHz) 
h12 
- 
10-6 
- 
- 


h21 
- 
1000 
- 
- 


hn 
- 
10-5 
- 
mhos 


Output No,se Voltage (F igure 31 
- 
3.0 
- 
mVIRMSI 
IBW = 20 Hz to 20 kHz. RS = 1.0 k ohmsl 
- 
30 
- 


Current Drain 
- 
3.0 
- 
mA 


Power Gain (Figure 1) 
- 
42 
- 
dB 


em :: 0.1 mVAMS) 


NOIse Figure (F ,gure 1) 
- 
6.0 
- 
dB 


(RS '" 740 Ohms) 


y Parameters{ 1) 
Yll 
- 
1.3 + ;1.5 
- 
mmhos 
(f = 10.7 MHz. '2 
= 2.0 mAl 
Y12 
- 
-3.4 + ;8.1 
- 
,umhos 


Y21 
- 
-0.33 
+ jO.68 
- 
mho 


Y22 
- 
120 + jO 
- 
I-lmhos 


FIGURE 
3 - 
AUDIO 
TEST CIRCUIT 
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Vdc 
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133 
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Select: 
Solve for: 


Let: 
Then: 


Vcc. 
Eo. and 10 


RL 
"" (VCC 
- Eol/IO 


R2 = 510.741/10 
R1 = R2 (Eo -0.74)/0.74 


® MOTOROLA 
Seln;conduc~or 
Produc~s 
Inc. 


AUDIO 
PERFORMANCE 
CHARACTERISTICS 
(for Test Circuit 
Figure 3) 
'TAPE 
PREAMPLIFIER 
PERFORMANCE 
(for Circuit 
Figure 
2) 
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NOTES: 


1. LEADS WITHIN 
0.13 mm (0.005) 
RADIUS 
OF TRUE 
POSITION 
AT 
SEATING 
PLANE AT MAXIMUM 
MATERIAL 
CONDITION. 


2. DIM 'T' 
TO CENTER 
OF 
LEADS WHEN 
FORMED 
PARAllEL 


MILLIMETERS 
INCHES 


DIM 
MI. 
MAX 
MI. 
MAX 


A 
9.40 
10.16 
0.310 
0.400 
• 
6.10 
6.60 
0.240 
0.260 


C 
3.94 
4.45 
0.155 
0.175 


D 
0.38 
0.51 
0.015 
0.020 
F 
1.02 
1.52 
0.040 
0.060 


G 
2.54 sse 
0.100 ese 


H 
0.76 
1.27 
0.030 
0.050 


J 
0.20 
0.30 
0.008 
0.012 
K 
2.92 
3.43 
0.115 
0.135 


l 
7.37 
1.87 
0.290 
0.310 
M 
10" 
10" 
• 
0.51 
0.16 
0.020 
0.030 


p 
0.13 
0.38 
.00 
0.15 


Q 
0.76 
1.02 
0.030 
0.040 


~ 


f-- 


f- 
VCC' 
6.0 V 
Z 
Av500Hz' 
30 dB 


f-- 
- 
/ 


f- 
V 


~ 
+25 
~~ 
+20 


'"~ 
o 
+15 
>" 
~ 
+10 


::J 
« 


~~ +5.0 
~ 


f-- 


~ 
'\ 
- 


VCC' 6.0 V 
f-- 
AV 500 Hz • 35.6 dB - 


f-- 
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- 
r\ 
f-- 
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f- 
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~ 
- 
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;;; 
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+20 
z 
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+10 
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f\ote: 


The record/playback 
characteristics shown in Figures 8 and 9 
were taken with the preamplifier 
driven by a 50 ohm source. The 
curves are typical of a desired response for the preampllfier; 
how- 
ever. every type of tape recording and playback head is different 
and this circuit will not necessarilysatisfy all requirements. No par- 
ticular tape head was used asa basis for circuit design. The circuit 
is only an example showing the equalization network configuration. 


The ideal preamplifier 
will 
have an input 
impedance approx- 


imately 10 times the highest impedance of the tape head and every 
preamplifier 
circuit 
must be designed using a test tape to verify 
tt>eresponseof the design. 


FIGURE 
9 - 
INPUT ADMITTANCE 
FIGURE 
10 - 
REVERSE 
TRANSFER 
ADMITTANCE 
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10.7 MHz PERFORMANCE 
(Circuit of Figure 1) 


FIGURE 
13 - 
POWER GAIN 
vorsusSUPPLY 
VOLTAGE 


80 


FIGURE 
14 - 
VOLTAGE 
TRANSFER 
CHARACTERISTIC 
::~a 
= 
= 
== 
== 
=- 
== 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
4°~1I1 


200 


100 
60_ 
40-- 
- 


20- 
- 


U> 


60 
;j 
> 


~ 


.§ 


50 
lin = 0.1 mVrms 
w 


z 
'"« 
;;: 
:; 


'" 
40 
~ 
,..., 
0> 
~ 
0- 
~ 
30 
~!; 


20 
0i 


10 


0 
4.0 
6.0 
8.0 
10 
12 
14 
16 
18 
20 :~~- 
4.0~~ 


2.0~ 


1.0 L-... 


0.01 
0.03 
0.1 
0.3 
1.0 
3.0 
10 
30 
100 
300 
1000 


INPUT VOLTAGE (mVRMS) 


is 
believed 
to 
be entirely 
reliable. 
However, 
no 
responsibility isl 
assumed for 
inaccuracies. 
Furthermore, 
such information 
does not 
convey 
to 
the purchaser 
of the semiconductor 
devices described 
any 


license under 
the patent 
rights 
of 
Motorola 
Inc. or others. 
I 


Circuit 
diagrams 
utilizing 
Moto-rola 
products 
are included 
as II means 


of 
illustrating 
typical 
semiconductor 
applications; 
consequently. 
complete 
information 
sufficient 
for 
construction 
purposes 
is not 


necessarily 
given. 
The 
information 
has been carefully 
checked 
and 


Device 


MC3344L 
MC3344P 


Temperature Range 


_40°C 
to +85°C 


-40°C 
to +85"C 


Package 


Ceramic 
DIP 
Plastic 
DIP 


Advance Information 
~ 


PROGRAMMABLE 
FREQUENCY 
SWITCH 
WITH 
ADJUSTABLE 
HYSTERESIS 


The MC3344 
is a general 
purpose 
programmable 
frequency 
switch 


designed 
for use in systems 
where 
a load must 
be switched 
on or off 
at a predetermined 
frequency. 
Switch 
frequency 
is determined 
by 
an external 
resistor 
(RR) 
and capacitor 
(CR)' 
Hysteresis 
is adjustable 
and determined 
by an external 
resistor 
(RH). 


VR •• 


9 


RH 


'2 


2 k 
CR 


10 


MC3344 


PROGRAMMABLE 


FREQUENCY 
SWITCH 


SILICON 
MONOLITHIC 


INTEGRATED 
CIRCUIT 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


l 
SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


TO 
116 


Gnd 
CA 


NC 
Cs 
0" 
RH 


Vout 
V," 


0' 
CR 
03 
VR" 


02 
+VCC 


ELECTRICAL 
CHARACTERISTICS 
ITA· 
25°C. 
VCC = +15 Vdc unless other",i,e 
specified) 


~_ 
Ch.rOC""S1ic---I--~:2~ 


Supp!y 
Current 
====t== 
Trigger 
ReseT 
Vc;tage 
3 


'In ~ 200 .. A 


lin 
: 
50U 
/.JA 


Regulator Ovtput Voltage 
4 


Threshold 
Output 
Voltage 
5 


VTCR'VCRIVReg 


Hysteresis Sink Current 
6 


Second Comparator Output 
7 
01 
Leakage 
02 Source 
01 Source 
02 
Leakage 


Output Driver Gain 
8 
IC' 
5.0 mA 


Output Driver Voltage Standoff 
9 
lo-5.0mA 


Integrator 
Transistor Gain 
hFE2' 
l>lc/lIla. 


IC1 • 0.4 mA. IC2 • 0.6 mA 


Symbol 


ID 


VCR1 
VCR2 


VReg 


VTCR 


• 
Unit 


Vdc 


mA 
°c 


+a5 
°c 


+150 
°c 


0.25 


5.0 


0.761 


I "GO", - ,~"""OCO 
,OC<AG""" 


I 


Iln"" 
200 
IJA, VCR;;a. 
0.25 
V 


Iln· 
600 IJA. VCR" 
0.25 V 


Vout 


04 =-1 


VO 


03 


01 


02 


CA 
-0 


CB 
-0 


FIGURE 
10 - 
INTEGRATOR 


TRANSISTOR 
GAIN 


The 
voltage 
regulator 
and bias section provides the 
proper biasing and regulated supply voltage to the inte- 
grated circuit. 
A square wave, when applied to the RC differentiator, 
provides input current pulses to the IC. The input circuit 
discharges and clamps, for a predetermined time, the volt- 
age across capacitor CR. 
This establishes the initial ramp 
voltage"lVo,;at) and allows initiation 
of a new voltage ramp 


after 
each 'positive 
transistion 
of the 
input 
waveform. 
The voltage, VCR, ramps from Vsat to the final value, 
V Reg' charging through RR. 
If VCR is never allowed to reach VRef due to quick 
reset pulses, the second integrator 
amplifier 
will 
not be 
activated, and capacitor CAB is allowed to charge through 
the 
12 kS1 resistor until 
V CA is greater than V Ref- 
At 
this point, 01 will switch ON and 02 wilt switch OFF. 
By 
connecting either 01 or 02 to the 03 drive pin, the out- 
put drive transistor may be either switched ON or OF Fat 
the switch point. 


If VCR is allowed to ramp above VRef before being 
reset, the second integrator amplifier 
is driven ON which 
discharges and resets capacitor 
CAB keeping VCA low 
with respect to V Ref' 
VCA will 
always be low with 
respect to V Ref if the 
time from reset CR to VCR = VRef is less than the time 


from reset CAB to VCA = VRef' 
Resistor 
RH 
provides 
hysteresis around 
the 
switch 
point 
(i.e" 
frequency 
to 
switch 
the output 
driver ON, 
when connected to the 01 terminal, 
is higher than the 
frequency required to switch the output 
driver OFF), 
If 
no hysteresis is desired then the RH resistor should be 
omitted and pin 12 grounded. 


Circuit 
Equations: 


The first integrator 
time constant 
is 


T1 
RH II RR CR' 
If RH is omitted 
then 


T1 = RR CR' 


The 
second 
integrator 
time 
constant 
is 


T2 = (12 k) (hFE2) (CAB)' 


f1 = Switch Point frequency"" 
1 
1.39RRCR 


4 
vcc 
vout 


11 
Vjn 
04 


9 
VA.; 
01 


'0 
CR 
03 


'2 
RH 
02 


Gnd 


'4 


0.1 
~F 


Device 


MC3346P 
MC3386P 


Tempel'llture 
Range 


_40°C to +85OC 
_40°C 
to +85OC 


Paclalge 


Plastic 
DIP 
Plastic 
DIP 
MC3346 
MC3386 


ONE DIFFERENTIALLY-CONNECTED 
PAIR AND THREE 
ISOLATED 
TRANSISTOR 
ARRAY 


GENERAL·PURPOSE 
TRANSISTOR 
ARRAY 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


The 
MCJJ46 
and 
MCJJ86 
are 
designed 
for 
general·purpose. 
low power 
applications 
for consumer 
and industrial 
designs. 


• 
Guaranteed 
Base·Emitter 
Voltage 
Matching 
• 
Operating 
Current 
Range 
Specified 
- 
10 JlA to 10 mA 
• 
Five General·Purpose 
Transistors 
in One Package 


MAXIMUM 
RATINGS 


Rating 
Svmbol 
V.lue 
Unit 


Collector-Emitter 
Voltage 
VCEO 
15 
Vdc 


Collector-Base 
Voltage 
VCBO 
20 
Vdc 


Emitter-Base 
Voltage 
VEB 
5.0 
Vdc 


Collector-Substrate Voltage 
VCIO 
20 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
50 
mAde 


Total 
POlNef 
Dissipation 
@ T A = 2SoC 
Po 
1.2 
Watts 
Derate 
above 
2SoC 
10 
mW/oC 


Derate 
Each Transistor 
@ 25°C 
300 
mW/oC 


Operating Temperature 
Range 
TA 
-4010 
+B5 
°c 


Storage Temperature 
Range 
Tug 
-6510+150 
°c 


PSUFFIX 
PLASTIC 
PACKAGE 
CASE 
646 


Collector-Base Breakdown Voltage 
BVCBO 
20 
60 
- 
20 
60 
- 
Vdc. 


(lC = 10 "Adcl 


Collector-Emitter 
Breakdown Voltage 
BVCEO 
15 
- 
- 
15 
- 
- 
Vde 


(lC = 1.0 mAdcl 


Collector·Substrate Breakdown Voltage 
BVCIO 
20 
60 
- 
20 
60 
. - 
Vde 


(lC = 10"AI 


Emitter-Base Breakdown Voltage 
BVEBO 
5.0 
7.0 
- 
5.0 
7.0 
- 
Vde 


(IE = 10 "Adel 


Collector-Base Cutoff Current 
ICBO 
- 
- 
40 
- 
- 
100 
nAdc 


(VCB = 10 Vde. IE = 01 


DC Current Gain 
hFE 
- 


(lC =-10 mAde. VCE = 3.0 Vdel 
- 
140 
- 
- 
- 
- 


(lC = 1.0 mAde. VCE = 3.0 Vdel 
40 
130 
- 
40 
130 
.. 


(lC = 10 "Ade. 
VCE = 3.0 Vde) 
- 
60 
- 
.. 
- 
- 


Base-Emitter Voltaqe 
VBE 
Vde 
(VCE = 3.0 Vdr..IE 
= 1.0mAdcl 
.. 
0.72 
- 
- 
0.72 
- 


(VCE = 3.0 Vde. IE = 10 mAdel 
- 
O.BO 
.. 
- 
O.BO 
- 


Input Offset Current for Matched Pair 01 and 02 
11101' 
- 
0.3 
2.0 
- 
0.3 
- 
,uAdc 


IVCE = 3.0 Vde. IC .. 1.0 mAdcl 
11021 


Magnitude of Input Offset Voltage 
- 
- 
0.5 
5.0 
- 
0.5 
- 
mVdc 


IVCE = 3.0 Vde. IC = 1.0 mAdcl 


Temperature Coefficient of Base-Emitter Voltage 
~VBE 
- 
-1.9 
.. 
- 
-1.9 
_. 
mVf'C 


IVCE = 3.0 Vde. IC = 1.0 mAde) 
61"" 


Temperature Coefficient 
IAVIOI 
.. 
1.0 
- 
- 
1.0 
- 
"V/oC 


"'f 
Collector-Emitter 
Cutoff Current 
ICEO 
.. 
- 
0.5 
- 
- 
5.0 
J.tAdc 
IVCE = 10 Vde. lB = 0) 


Low Frequency Noise Figure 
NF 
.. 
3.25 
- 
- 
3.25 
- 
dB 


(VCE = 3.0 Vde. IC = 100 "Ade. 
AS = 1.0 kn. 


f = 1.0 kHzl 


Forward Current Transfer Ratio 
hFE 
.. 
110 
- 
.. 
'10 
.. 
.. 


IVCE = 3.0 Vde. IC = 1.0 mAde. f = 1.0 kHzl 


Short·Circui't Input Impedance 
hie 
- 
3.5 
- 
- 
3.5 
- 
kn 
IVCE = 3.0 Vde. IC = 1.0 mAde) 


Open·Circuit Output 
Impedance 
hoe 
- 
15.6 
- 
- 
15.6 
'- 
,umhos 


IVCE = 3.0 Vde. IC = 1.0 mAdcl 


Reverse Voltage Transfer Ratio 
hre 
.. 
1.8 
- 
'- 
1.8 
.. 
xl<J=4 


IVCE = 3.0 Vd<. IC = 1.0 mAdel 


Forward Transfer Admitt'ance 
Yle 
- 
31-j1.5 
- 
- 
31-j1.5 
- 
- 


IVCE • 3.0 Vde. IC = 1.0 mAde. 1= 
1.0 MHz) 


Input Admittance 
Yie 
- 
0.3+jO.04 
.. 
- 
0.3+jO.04 
- 
.- 


IVCE = 3.0 Vde. IC = 1.0 mAde. f = 1.0 MHzI 


Output Admittance 
Yoe 
- 
0.001+jO.03 
- 
.. 
0.001 +,0.03 
- 
.. 


IVCE = 3.0 Vde. IC = 1.0 mAde. I • 1.0 MHzl 


Current-Gain 
- 
Bandwidth Product 
fT 
300 
550 
- 
.. 
550 
.. 
MHz 
(VCE = 3.0 Vde. IC = 3.0 mAde) 


Emitter·Base Capacitance 
Ceb 
.. 
0.6 
- 
- 
0.6 
.- 
pF 


(VE8 = 3.0 Vdc. IE = 0) 


Collector-Base Capacitance 
Ceb 
.. 
0.58 
- 
.. 
0.58 
.. 
pF 


(VCB = 3.0 Vde. IC = 0) 


Collector-Substrate Capacitance 
CCI 
- 
2.8 
- 
- 
2.8 
- 
pF 
(VCS = 3.0 Vde. IC • 01 


I--IB"O 
/ 
/ 


VCE" 
10V 
/ 


./ 
VCE o5.0V 


- 


./- 
_.- 


1 


~ 
101 


~~ 
u 
10 


o,. 
=> 


~ 
10- 


1 


810-1 


~ 


1.0 


07 


~ 
0.5I~: 


t;; 
0.1 


~ 
007 


~ 
005 


~ 
003 
6 
.70.02 


- 
./ 


./" 


.- 


- 


- 
- 


_. 


- 


103 
1~ 102 
~ 
z 
z 
~ 
~ 
~~ 
~ 
u 
101 
u 


~~ 10 
c 
u 
810-1 


- 


f--- 
-- 
./ 
'/ 
-- 
-- 
I-- 
-- -- 
Z_ 
- 


f--- 
_Vca=15V 
\-- f--t--- 
'/ 


/l 
VCB 
0 5 0 V 
~:+=t---- 
--- 
./ ~ 
./ 
././ 
VCB" 10V- 
- 
--- 


_.. 


g 


!=J1O_2 
o 
50 
75 


T A. AMBIENT 
TEMPERATURE 
(OCI 


'" 
~ 
>~~ 
~ 
0.6 
~ 


~ 
0.5 
~ 
04L 


001 


140 


130 


z 
~~ 110 
z 
w~~ 
=>u 
90 
uc 
W 


70 


I I 


-----, 
....J-'" 


i 
I 
,/ 


hFE 
- 
- 
-_.- - 
L 


-- 


--- 
_.- 
- - 
.~ 
--- 


I 


./ 
IhfE1HhFE21 


h 
FE2 


1 
.i 


hF 
I 
E1 
1' 
II 


35 


30 
c;: 


25 
;i 
z 
10 ~ 
1.5 ~ 


~ 
1.0 ~ 


=> 
u 
095 
uc 


0.9 ~ 


0.B5 'l 


0.8 


Device 


MC3358P1 
MC3458G 
MC3458P1 
MC3458U 
MC3558G 
MC3558U 


Temperature 
Range 


-40"<: to +85'C 
O'C to +70'C 
O'C to +70'C 
0"<: to + 70'C 


- 55"<: to + 125'C 
-55"C 
to +125'C 


Package 


Plastic DIP 
Metal Can 
Plastic DIP 
Ceramic DIP 


Metal Can 
Ceramic DIP 


Specifications 
and Applications I 
Information 


Utilizing 
the 
ClfCUlt 
designs 
perfected 
for 
recently 
introduced 


Quad 
Operational 
Amplifiers. 
these 
dual 
operational 
amplifiers 


feature 
1) 
low 
power 
drain, 
2) 
a common 
mode 
input 
voltage 
range 


extending to groundlVEE. 3) Single Supply or Split Supply operation 
and 41pin outs compatible with the popular MC1558 dual operational 
amplifier. The MC3558 Seri;s is eqUivalent to one·half of a MC3503. 


These 
amplifiers 
have 
several 
distinct 
advantages 
over 
standard 


operational 
amplifier 
types 
tn 
single 
supply 
applications. 
They 
can 


operate at supply VOltagesas low as 3.0 Volts or ashigh as36 Volts 


With 
qUiescent 
currents 
about 
one-fifth 
of 
those associated 
With 
the 
MC1741 
(on a per amplifier baSIS).The common mode input range 


Includes 
the 
negative 
supply. 
thereby 
eliminating 
the necessity 
for 


ex ternal 
biaSing components 
In many 
applicatIOns. 
The 
output 
voltage 


range 
also Includes 
the 
negative 
power 
supply 
voltage. 


• 
Short 
CirCUIt 
Protected 
Outputs 


• 
True 
Differential 
Input 
Stage 


• 
Smgle Supply Operation. 3.0 to 36 Volts 


• 
Low 
Input 
Btas Currents 


• 
I nternally 
Compensated 


• 
Common Mode RangeExtends to Negative Supply 


• 
Class AB 
Output 
Stage 
for 
MinImum 
Crossover 
Distortion 
• 
S,ngle and Split Supply Operations Available 


• 
Similar Performance to the Popular MC1558 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltages 
Vdc 


Stngle 
Supply 
VCC 
36 


Split 
SupplIes 
VCC 
+18 


VEE 
-18 


Input 
DifferentIal 
Voltage 
VIDR 
,30 
Vdc 


Range 
(11 


Input 
Common 
Mode 
Voltage 
VICR 
"5 
Vdc 


Range 
(2) 


Input 
Forward 
Current 
IIF 
50 
mA 
{VI < -0.3 VI 


Junction 
Temperature 
TJ 
°c 


Ceramic 
and 
Metal 
Packages 
175 


Plastic 
Package 
150 


Storage 
Temperature 
Range 
Tstg 
°c 


Ceramic 
and 
Metal 
Packages 
-65 to +150 


Plastic 
Package 
-55 
to +125 


Operating 
Ambient 
Temper- 
TA 
°c 


ature 
Range 
MC3558 
-55 
to .•.125 


MC3458 
o to +70 
MC3358 
-40 
to +85 


III 
Split 
Power 
Supplies. 


121For 
Supply 
Voltages 
less than! 
15 V. 
the 
absolute 
maXimum 
tnput 
voltage 
IS equal 
to 


the 
supply 
voltage. 


MC3458 
MC3558 
MC3358 


DUAL DIFFERENTIAL 
INPUT 


OPERATIONAL 
AMPLIFIERS 


G SUFFIX 


METAL 
PACKAGE 


CASE 
601 


P1 SUFFIX 


PLASTIC 
PACKAGE 


CASE 
626 


(MC3458. 
MC3358 
only) 


U SUFFIX 


CERAMIC 
PACKAGE 


CASE 
693 


OutPut 
A 
1 


Inpu," A 1 
2 
7 
OutPut 
B 


\Inpu," 
8 


MC355I 
Me"''' 
Me33S1 


Ctw,.et •• tt,c 
Sy""bol 
M,. 
T,. 
M•• 
M•• 
T,. 
M•• 
M,. 
T,. 
M•• 
UnIt 


lnpul athel 
Va". 
V'O 
20 
50 
- 
20 
10 
- 
20 
80 
mV 


T A 
• 
Th•gh 
10 
T10w 
III 
60 
" 


- 
10 


lnp,,! 
O"NI 
( ••Hem 
"0 
'0 
50 
30 
50 
30 
75 
.. 


TA • ThIgh 
to flow 
200 
- 
200 
- 
2SO 


l.trge S,gn,l Open Loop VOII;tgt LOI'" 
AVOL 
Vim" 


"0' 
"OV.RL" 
20kll 
50 
200 
20 
200 
- 
20 
200 
- 


TA • T'''gI'l10 r.o..•• 
25 
'00 
15 
- 
15 
- 


Inpul B,~, C•.•"enl 
"0 
-200 
~500 
~200 
-500 
·200 
-500 
.. 


~~~h.:~eTI()W 


-300 
1500 
·800 
- 
·1000 
'" 
15 
15 
15 
11 


1 
20 HI 


li"Ipullmped.tncf' 
'. 
03 
• 0 
03 
10 
03 
10 
'''' 
. 
20 
HI 


OulP", 
VolUlqe 
R.nqe 
VOR 
V 
R1 
10 k:1 
"2 
'1)', 
"2 
. 1) ~ 
12 
125 
RL 
1010.1/ 
I 
. '0 
" 


'10 
." 
10 
12 


RL 
']Oldi 
~~-~~~~~-- 
'10 
. 10 
10 
- 


Inpu' 
Commo" 
M'.><1e VO'IilCjl' 
A~nqe 
VIeR 
>13 
v 
.VEE 
·'3~V.VEE 
'1] 
v -\lEE 
·135\1 
-VeE 
.12 v -VEE 
+ 12 5V-VEE 
- 
V 
~~~n-M;:;d~:"u" 
RoIl,a 
(MRR 
10 
90 
10 
90 
10 
90 
- 
dO 


11~ •• 10 loll 
p';;"'" 
SuPC"'! 
CUffpnl 
IVo 
01 
'ce lEE 
16 
" 
16 
" 
16 
31 
m' 
", - 


Ind;v'du.' 
Output 
$":0" C"(.u.' 
CU"enT 11) 
'05 
'10 
"0 
." 
. '0 
'20 
'45 
. 10 
'30 
." 
m' 
Po"o •••• Po_' 
S•.•ppty Relet-"o" 
R.•"o 
PSAA· 
'0 
'SO 
'0 
'so 
'0 
,SO 
wV/V 


Nt')",,,. 
po_, 
Supply At,eCI,on R.l.0 
PSRR 
'0 
'SO 
'0 
ISO 
Jo/,V/V 


Ave •• 
Tempe'.lu'. 
Coell't.t'll 
01 '•.•p••, 
"0 
T 
50 
SO 
SO 
pAloe 


Ollttl 
C••"t •.•• 


T. 
T",gtl1O T,o••• 
A"e.~e 
Ttmpe'.lIlu·t 
Cotl"I;,t 
•.•, 01 I•.•pu' 
V'O 
I 
'0 
'0 
10 
••V10C 
Ofht! 
VOl,. 


TA - Th,gh 10 TIo••• 


POWt. S••.•d•••,dlh 
ewp 
90 
90 
9.0 
,H, 
AV' 
1.AL - 7010.1/ Vo 
:lOVip pI 


THO' 
5' 


Sm_tl s.g •.••1B.lI"dw'dlh 
OW 
10 
, 0 
, 0 
MH, 
AV'1 
AL• 
1010.11Vo 
SOmV 


5ltw R.le 
5" 
06 
06 
06 
V/~, 
AV" 
V, 
-IOV 10 -IOV 


A,w T,me 
ITLH 
0" 
035 
035 
.. 


AV' 
'. AL 
10 loll. Vo 
SOmV 


F.llT,mt 
tTHL 
035 
035 
035 
.. 


AV' 
'. RL - 1010.11Vo-5:)mV 


O••••"hoOl 
OS 
20 
20 
20 
- 
" 
AV· 
I. RL• 
10 loll. Vo 
50mV 


Ph_w M.rg," 
om 
60 
60 
60 
- 
Degree, 


AV·'.AL"70kll.CL 
700pF 


C,ouoye' 
o"tO'I,O" 
, 0 
, 0 
1 0 
" 
[V'"· 
JOmVp-p. VOUI 
70vpp. 


f. 
10 kHz) 


111 T""gh 
175°C fo' MCJ5SB 
rooe 
10' MCJ458 
85°C '0' MCJ358 
Tlow 
-5S0C 10' MCJ558 
OOCfo' MeJ458 
.40oe 
1o. MeJJ58 


ELECTRICAL 
CHARACTERISTICS 
IVee 
SO V. vEf 
• G,..d. TA 
1Sce 
u,..leu olhe.wlse 
nOled 1 


MC3558 
MC:M58 
MC3358 
Cha,a«"I,hc: 
Symbol 
M,. 
T,. 
M•• 
M,. 
T,. 
M•• 
Moo 
T,. 
M•• 
Unit 
Inpul Oft,et 
Vol1q 
V,O 
20 
50 
- 
20 
10 
20 
10 
mV 


Inpul Otfset Cur,ent 
'10 
'0 
50 
'0 
50 
- 
- 
75 
.. 
I"pul 
B'N Cu,r."l 
"0 
·200 
-500 
-200 
-500 
-500 
.. 
L.,ge s,gn.1 Open· Loop Vall. 
G•.n 
AVOL 
20 
200 
20 
200 
20 
200 
v/mV 


AL·701l.n 


PO_. 
Supply A.jtcllon 
A_11O 
PsAA 
- 
ISO 
- 
'SO 
- 
ISO 
.VIV 
Oulput 
Voll. 
A~ 
131 
VOR 
V." 
RL• 
101l.n. Vee· 
SOV 
3.3 
3.5 
- 
3~3 
35 
- 
3.3 
3.5 
- 


RL • 10 Ion. so 
v'" 
Vce '" 30 v 
- 
Vee·1.7 
v 
- 
- 
Vee 
-17 
V 
- 
- 
Vee 
-17 
V 
- 


Powef Supply eu".nl 
'ce 
" 
40 
- 
25 
10 
25 
4. 
m' 
etl.n~1 
s.p.f.1Ion 
·no 
-120 
-120 
- 
.0 
f· 
1.0 IoHl to 20 kHz llnput 
Ref.renced) 


Bias 
Clfcu'1ry 


Common 
10 Both 
Ampl,f,er, 


The 
MC3558 
Series 
is 
made 
using 
two 
internally 


compensated, 
t\flostage 
operational 
amplifiers 
The 
first 


stage of each conslHs 
of differentIal 
Input 
devIces 
024 
and 


022 
wIth 
Input 
buffer 
tranSIstors 
025 
and 
021 
and 


the 
dIfferential 
to 
slngie 
ended 
converter 
03 
and 
Q4 


The 
first 
stage 
performs 
not 
only 
the 
first 
stage 
git!n 


function 
but 
also 
performs 
the 
level 
shifting 
and 
trans· 


conductance 
reduction 
functions. 
By 
redUCing 
the 
trans 


conductance 
a smaller 
compensation 
capacitor 
(only 
5 pF) 


can- be 
employed, 
thus 
saving 
chip 
area 
The 
transcon 


ductance 
reductIon 
IS accomplished 
by 
splitting 
the 
col· 


lectors 
of 
024 
and 
022 
Another 
feature 
of 
thIS 
Input 


stage 
IS 
that 
the 
Input 
cOr.1mon·mode 
range 
can 
include 


the 
negative 
supply 
or 
grollnd, 
in single 
supply 
operation, 


without 
saturating 
either 
the 
input 
dp.vlces 
or 
the 
dif· 


ferential 
to 
single·ended 
converter, 
The 
second 
stage can 


sists 
of 
a standard 
current 
source 
load 
amplifier 
stage. 


The 
output 
stage 
IS unique 
because 
it allows 
the output 


to swmg 
to ground 
in single 
su~ply 
operation 
and yet 
does 


not 
exhibit 
any 
crossover 
oj'stortion 
In spilt 
supply 
oper- 


ation 
This 
IS possIble 
because class AS operatIOn 
is utilized. 


Each 
amplifier 
is biased 
from 
an Il1ternal-voltage 
regu- 


lator 
which 
has a low 
temperature 
coefficient 
thus 
giving 


each 
amplifier 
good 
temperature 
characteristics 
as well 
as 


excellent 
power 
supply 
rejection. 


FIGURE 
3 - POWER BANDWIDTH 
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The MC3520/3420 
is an inverter control 
unit which provides all 
the 
control 
circuitry 
for 
PWM push-pull, 
bridge and series type 


swih.:hmode 
power 
supplies. 


These devices are designed to supply the pulse width modulated 
drive to the base of two external power transistors_ Other applica- 


tions 
where 
these 
devices 
can 
be used 
are 
in tratlsformerless 
voltage 
doublers, transformer coupled dc-to-dc converters and other power 


control 
functions. 


The MC3520 
is specified over the military 
operating range of 
- 550C to 
+ 1250C_ 
The MC3420 is specified from OOCto +lOoC_ 


• 
Includes Symmetrical Oscillator 


• 
On Chip PulseWidth MOdulator, Voltage Reference, 


Dead Time Comparator, and PhaseSplitter 


• 
Output Frequency Adjustable (2 kHz to 100 kHz) 


• 
Inhibit and Symmetry Correction Inputs Available 


• 
Controlled Start-Up 


• 
Frequency 
and Dead Time are Independently 
Adjustable 


(0% to 100%) 


• 
Can be Slaved to Other MC3420s 


• 
Open Collector Outputs 


• 
Output Capability 50 mA (Max_) 


• 
On Chip 
Protection 
Against 
Double Pulsing of Same Output 


During Load Transient Condition 
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MC3420 
MC3520 


SWITCHMODE 
REGULATOR 


CONTROL 
CIRCUIT 


SILICON 
MONOLITHIC 


INTEGRATED 
CIRCUITS 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


L SUFFIX 
CE RAMie 
PACKAGE 
CASE 
620 


Output 
2 


Inhibit! 
Symmetry 
Correction 
Input 


PWMout 
4 


Ramp 
In 


Dead Time 
AdJuu 


Ramp 
8 


Out 


ORDERING 
INFORMATION 


DEVICE 
TEMPERATURE 
PACKAGE 
RANGE 


MC3420P 
Oto+70°C 
PI•• tic DIP 


MC3420L 
Oto+70 
uC 
Cer.mlc 
DIP 


MC3520L 
-55 
to +125°C 
Cer.mic 
DIP 


Rating 
Symbol 
MC3520 
MC3420 
Unit 


Power SUpply Voltage 
VCC 
30 
V 


Output Voltage (pins 11 and 13) 
Vout 
40 
V 


Oscillator Output Voltage (pin 14) 
V14 
30 
V 


Voltage at pin 4 
V4 
2.0 
V 


Voltage at pil"S3 and 8 
V3.V8 
5.0 
V 


Voltage at pin 5 
V5 
7.0 
V 


Power Dissipation 
Po 
See Thermal Information 


Operating Junction Temperature 
TJ 
°c 


Plastic Pac.kage 
- 
125 
Ceramic Package 
150 
150 


Operating Ambient Temperature Range 
TA 
-55 to +125 
o to +70 
°c 


Storage Temperature Range 
Tstg 
-65 to +150 
-65 to +150 
°c 


Reference Voltage 
5 
Vref 
7.6 
7.8 
8.0 
7.4 
7.8 
8.2 
V 


IIref • 400 ~Al 


Temperature Coefficient of Reference Voltage 
5 
TCVref 
- 
0.008 
0.03 
- 
0.008 
0.03 
%/oC 


(VCC· 
15 V. Iref· 
400 ~A) 


Input Regulation of Reference Voltage 
5 
Reg{in) 
mVIV 


lI,e! 
• 400 ~A) 
- 
3.0 
7.5 
- 
4.0 
7.5 


(lref· 
1.0 mAl 
- 
5.0 
- 
- 
5.0 
- 


Supply Voltage 
5 
Vin 
10 
- 
30 
10 
- 
30 
V 


Supply Current 
5 
10 
- 
- 
16 
- 
- 
22 
mA 
(Rext:: 
10 kO. excluding load and current and 
reference current I 


Line Frequency Stability 
5 
(f· 20 kHz) 
At 
- 
- 
3.0 
- 
- 
5.0 
% 


(f· 20 kHz. VCC· 
15 V. Tlow to Thigh) 
At 
- 
0.03 
- 
- 
0.04 
- 
%/oC 


Maximum Output Frequency 
6 
fmax 
100 
200 
- 
100 
200 
- 
kHz 


(VCC' 
15 V) 


Minimum Output Frequency 
6 
fmin 
- 
2.0 
5.0 
- 
2.0 
5.0 
kHz 


(VCC'15VI 


Oscillator Output saturation Voltage 
11 
Vose(sat) 
- 
0.2 
0.5 
- 
0.2 
0.5 
V 


(114 sink' 
5.0 mAl 


Output Saturation Voltage 
7 
VCElsat) 
V 


(I L • 40 mA. Thigh to Tlowl 
- 
0.33 
0.5 
- 
0.33 
0.5 


(I L • 25 mA. Thigh to Tlowl 
- 
0.22 
- 
- 
0.22 
- 


Output Leakage Current 
8 
ICE 
- 
- 
50 
- 
- 
50 
~A 
(VCE· 
40 V. pin.11 
and 13) 


PulseWidth Adjustment Range 
9 
APW 
0 
- 
100 
0 
- 
100 
% 


Dead Time Adjustment Range 
9 
AOT 
0 
- 
100 
0 
- 
100 
% 


Temperature Coefficient of Dead Time 
- 
TCOT 
- 
0.1 
- 
- 
0.1 
- 
%/oC 


ComParator Bias Currents 
12,13 
liB 
- 
5.0 
15 
- 
5.0 
15 
I'A 


14 
liB 
- 
10 
30 
- 
10 
30 
~A 


Ramp Voltage 
5 
V 


Peak High 
Vramp(Hil 
5.5 
6.0 
6.5 
5.5 
6.0 
6.5 
Peak Low 
Vramo!Low) 
2.0 
2.4 
2.8 
2.0 
2.4 
2.8 


Ramp Voltage Change 
5 
tlVramp 
3.0 
3.5 
4.0 
3.0 
3.5 
4.0 
V 


(Vramp 
HI - 
Vramp 
Low) 


Ramp Out Sink Current 
5 
Isink 
- 
400 
- 
400 
~A 


Ramp Out Source Current 
5 
Isource 
- 
3.0 
- 
- 
3.0 
- 
mA 


Inhibit 
Input Current 
- 
High 
10 
IIH 
- 
- 
40 
- 
- 
40 
~A 
(VIH' 
2.0 VI 


Inhibit 
Input Current - 
Low 
10 
IlL 
- 
-25 
-180 
- 
-25 
-180 
~A 
(VIL: 
0.8 V) 


Symmetry 
Correction 
Input/Output 
2 Inhibit Current 
- 
High 
10 
ISY/H 
- 
- 
40 
- 
- 
40 
~A 
(VSY' 
2.0 V, pin 16) 


Symmetry 
Correction 
Input/Output 
2 Inhibit 
Current 
- 
Low 
10 
ISY/L 
- 
-10 
-180 
- 
-10 
-180 
~A 


(VSY' 
0.8 V, pin 16) 


F/Fout 
Source Current 
- 
Isource 
- 
2.0 
- 
- 
2.0 
- 
mA 


Rise Time 
15 
Ir 
- 
40 
- 
- 
40 
- 
ns 


Fait Time 
15 
If 
- 
150 
- 
- 
150 
- 
ns 


Overlap Time 
15 
tov 
- 
275 
- 
- 
275 
- 
ns 


Assymmetry 
15 
ton1 
- ton2 
- 
,1.0 
- 
- 
1: 1.0 
- 
% 
(Duty 
Cye: •• 
50%1 
ton1 


NOTE, 


Thigh' 
+' 250C for MC3520 


+700C 
for MC3420 


T\ow 
' -550C 
for MC3520 


OoC for MC3420 


Ramp 


In 
5 


Dead 
Time 
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9 
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16 
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FIGURE 
3 - CIRCUIT 
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The internal block diagram of the MC3420 is shown in 
Figure 2, and consists of the following sections: 


Voltage Reference 


A stable reference voltage is generated by the MC3420 
primarily 
for internal use. However, it is also available 
externally 
at Pin g (Vrefl for use in setting the dead 
time (pin 7) and for use as a reference for the external 
control loop error amplifiers. 


Ramp Generator 


The 
ramp 
generator 
section 
produces 
a 
symmetrical 
triangular waveform ramping between 2.4 V and 6.0 V, 
with frequency determined by an external resistor (Rext) 
and capacitor (Cext) tied from Pins 1 and 2, respectively, 
to ground. 


PWM Comparator 


The output 
of the ramp generator at pin 8 is normally 
connected to Pin 5, RAMP IN. The PWM (pulse width 
modulation) 
comparator compares the voltage at Pin 6 
(Vcontrol 1 to the ramp generator output. 
The level of 
Vcontrol 
determines the outputs' 
pulse width 
or duty 
cycle. The duty cycle of each output 
can vary, exclu· 
sive of 
dead time, 
from 
50% (when Vcontrol 
is at 
approximately 
2.4 V) to 0% (Vcontrol 
approximately 
6.0V). 


Dead Time Comparator 


An additional comparator has been included in MC3420 
to allow independent adjustment of system dead time or 
maximum duty cycle. By dividing down Vref at Pin g 
with 
a resistive divider or potentiometer, 
and applying 
this voltage to Pin 7, a stable dead time is obtained for 


prevention 
of 
inverter 
switching 
transistor 
cross conduc- 
tion at high duty cycles due to storage time delays. 


PhaseSplitter 


A phase splitter 
is included to obtain two 1800 out of 


phase 
outputs 
for 
use 
in 
multiple 
transistor 
inverter 
systems. It consists of a toggle f1ip·f1op whose clock 
signal is derived by "ANDing" 
the output of the PWM 


comparator 
and a signal 
from 
the ramp 
generator 
section. 
This "AND" 
gate ensuresthat the outputs truly alternate 


under 
control 
loop 
transient 
conditions. 
Better 
under· 
standing of this feature and MC3420 operation 
may be 


gained 
by 
studying 
the 
circuit 
waveforms, 
shown 
in 
Figure 4. 
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J 


Adjust 


Illustration 
of 
Prevention 
of 
"Double' 
Pulsed" 
Outputs 
During 
Transient 
Conditions 
By Use of AND Gate 
At 
F/F 
Clock 
Input 
(Transient 
Output 
Load) 


Ramp 
In, Ramp 
Out Tied Together 
(Pin. 
8 & 5) 
PWM Out. 
Output 
2 iri'hibi"i 
Tied Together 
(Pin. 
4 & 16) 


Max. 
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Cycle 
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Oaad Time 
Setting) 
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Input 
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end/or 
H•••••y Output 
Load) 


O.1IJF~ 


TTL·Comp.tible 


Frequency 
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The Voltege Reference 


The temperature coefficient 
of Vref has been optimized 
for a 400 iJA ("'20 kn) 
load. 
If increased current capa' 


bility 
is required. 
an op amp buffer 
may be used. as 
shown in Figure 22. 


Output Frequency 


The values of Rext and Cext for a given output frequency, 
fa. can be found from: 


fa "'R 
°C·55 ; 5.0 kn ~ Rext ~ 20 kn (Eq. 1) 
ext 
ext 


or from the graph shown in Figure 23, 


Note that fa refers to the frequency of Output 
1 (Pin 
11) or Output 
2 (pin 
13). The frequency of the ramp 
generator output 
waveform 
at Pin 8 will 
be twice fa, 
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Dead Time 


Figure 24 illustrates how to set or adjust the MC3420 


outputs' 
dead 
time 
or 
maximum 
duty 
cycle. 
For 
mini· 


mum dead time drift with temperature or supply voltage. 
VD.T. should be derived from Vref as shown. 


Connections to the Vcontrol Pin 


In many systems, it is necessary to make multiple 
con- 


nections 
to 
the 
V control 
Pin 
in 
order 
to 
implement 
features 
in addition 
to voltage 
regulation 
such as current 


limiting, 
soft start, etc. These can be made by the use of 


a simple "diode·OR" 
connection, asshown in Figure 25. 


This 
allows 
whichever control 
element 
IS seeking the 


lowest PWM duty 
cycle to dominate. 
Note that are· 


sistor, R 1. whose value is ~ 50 kn 
is placed from the 


Vcontrol Pin to ground. This is necessary to provide a dc 
path for the PWM comparator 
input bias current under 
all conditions. 


VControl 
- 2 
D.C. (%) 
'" 
4 
X 100 


In 
most 
PWM 
sWitching 
supplies, 
a soft 
start 
feature 
IS 


desired 
to 
prevent 
output 
voltage 
overshoots 
and 
magne· 


tlzing 
current 
imbalances 
In 
the 
power 
transformer 


primary. 
This 
feature 
forces 
the 
duty 
cycle 
of 
the 


switching 
elements 
to 
gradually 
increase 
from 
zero 
to 


their 
normal 
operating 
point 
during 
Initial 
system 
power- 


up 
or 
after 
an 
irhibit. 
This 
feature 
can 
be easily 
imple· 


mented with 
the MC3420. One method is shown in 
Figure 26. 
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After 
an 
inhibit 
command 
or during 
power-up, 
the volt- 


age on R1 and Pin 6 exponentially 
decays from VCC 


toward 
ground 
with 
a time 
constant 
of R 1C1, 
allowing 
a 


gradual increase in duty cycle. Diodes D2 - D4 provide 


a diode-or 
function 
'at 
the 
Vcontrol 
Pin, 
while 
01 serves 


to 
reset 
the 
timing 
capacitor, 
Cl. 
when 
an 
inhibit 
com- 


mand 
is 
received 
thereby 
reinitializing 
the 
soft·start 


feature. D1 allows C1 to reset when power (VCC) is 
turned off. 


Inrush Current Limiting 


Since many PWMswitching supplies are operated directly 
off 
the rectified 
110 Vac line with 
capacitive input 


filters, 
some 
means 
of 
preventing 
rectifier 
failure 
due 
to 


inrush 
surge 
currents 
is usually 
necessary. 
One 
method 
which can be used is shown in Figure 27. 


In this circuit, a series resistor,'RS' is usedto provide 


inrush 
surge 
current 
limiting. 
After 
the 
fj,:er 
capacitor, 


C1, is charged, Q 1 receivesa trigger signal from the con- 
trol circuitry 
through T 1 and shorts RS out of the cir- 


cuit, 
eliminating 
its 
otherwise. 
larger 
power 
dissipation. 


The trigger signal for Q 1 may be derived from either the 
oscillator output 
(Pin 14) or one of the MC3420's out- 


puts. If the oscillator output is used, it will be necessary 


T1 
11[} 
to.<ont,ol 
Circuitry 


+}to power ~witchjng 


s~tlon 


to 
provide 
a time 
delay 
on the 
inhibit 
pin 
to keep 
it low 
until 
the 
input filter 
capacitor. C1, has had time to 


charge. 
whereas 
the 
initial 
portion 
of 
the 
soft 
start 


timing 
cycle 
can 
be 
used 
for 
this 
delay 
if this 
signal 
is 


derived 
from 
one 
of the output 
pins. 
However, 
using 
the 


Oscillator Output 
Pin does offer the advantage that its 


waveform 
has 
a constant 
50% 
duty 
cycle, 
mdependent 
of the outputs 
duty cycle which can simplify the design 


of a drive 
CirCUit 
for T 1. 


Slaving 


In 
some 
applIcations, 
as when 
one 
PWM 
inverter/con- 


verter 
is used 
to 
feed 
another, 
it 
may 
be 
desired 
that 


their 
frequencies 
be 
synchronized. 
This 
can 
be 
done 


with 
multiple 
MC3420s as shown in Figure 28. 
By 


omittmg their Rext and C.xt. up to two MC3420s may 
be slavedto a master MC3420. 


15 V, 2 A DC-to-DC 
Converter 


Figure 
29 illustrates 
the use of the MC3520 
in a PWM 
switching 
power 
supply 
utilizing 
a single series switching 
element 
(see Appendix 
for description 
of PWM switching 
supply 
configurations). 
The 
series 
switching 
transistor, 
Ql, 
chops 
the 
dc 
input 
voltage, 
Vin, 
at a frequency 
of 
;" 25 kHz, 
and the 
resulting 
waveform 
is filtered 
by L1 
and Cl 
to provide 
the dc output 
voltage. 
The frequency 
is set 
by 
A4 
and 
C3, 
and 
since 
the 
outputs 
of 
the 
MC3520 
are wire-OAed 
together, 
fa is twice 
that 
given 


by Equation 
1 and 
Figure 
23. 
Va is regulated 
by com- 
paring 
its value 
to the 
MC3520's 
reference 
voltage 
and 
amplifying 
the 
error 
voltage 
with 
U1. 
The output 
of Ul 
is fed 
into 
the 
MC3520 
to provide 
PWM to Q1, thereby 
controlling 
its duty 
cycle 
and thus 
the value of Va. 
C2 provides 
a soft-start 
feature 
during 
power 
up to 
prevent 
output 
voltage 
overshoots 
and excessive 
start up 
currents 
through 
Q 1. 


Short 
circuit 
protection 
is provided 
by ASC' Q3 and 
Q4. 
When an overcurrent 
condition 
occurs, 
Q3 is turned 
on 
by 
the 
voltage 
across 
ASC; 
Q3 drives 
Q4 on, which 


raises 
the 
voltage 
at pin 
6 (Vcontrol) 
of 
the 
MC3520, 
reducing 
Ql 's duty 
cycle 
and 
maintaining 
a constant 
output 
current 
of ;, 2.5 A. 


5 V, 50 A line-Operated 
Supply 


A 5 V, 50 A line-operated 
20 kHz switching 
power 
supply 
using 
the 
MC3520 
is shown 
in Figures 
30a and b. 
An 
explanation 
of the operation 
of each 
section 
of the 
supply 
follows. 


Input 
Section 


The 
120 Vac line is full wave voltage 
doubled 
by CA 1, 
CA2, 
Cl 
and 
C2 
to 
provide 
310 
Vdc 
to 
the 
power 
section 
of the 
supply. 
Inrush 
surge 
current 
limiting 
is 
provided 
by 
A 1, which· is shorted 
out 
of the circuit 
by 
Q1 after 
C1 and C2 are initially 
charged_ 


Power 
Section 


The 
supply 
utilizes 
two 
switching 
transistors, 
Q2 and 
Q3, 
in 
a half-bridge 
configuration 
(see 
Appendix) 
to 
drive the high frequency 
power 
transformer, 
T2. 
The 
bases 
of Q2 and 
Q3 are 
driven 
by T3 
and T4, 
respectively, 
to 
provide 
isolation 
from 
the 
control 
and 
base drive 
sections 
of the 
supply. 
CA3, 
CAS, 
CA6, and 
CAB 
constitute 
anti-saturation 
(Baker) 
clamps 
which 


provide 
increased 
and more 
uniform 
switching 
speeds 
for 


Q2 
and 
Q3. 
CA4 and 
CA7 allow 
reverse 
base currents 


during 
turn 
off. 


Output 
Section 


The 
output 
of 
T2 
is rectified 
by Schottky 
diodes, 
CA9 and CAlO. 
VAl 
is a transient 
suppressor 
to protect 


CA9 and 
CA 10 from 
transients 
that 
might 
cause 
reverse 
breakdown. 
L1 and 
C4 constitute 
the output 
filter. 
C4 
should 
have 
very 
low ESA (equivalent 
series 
resistance) 


at 20 kHz to provide 
the most 
effective 
filtering. 
L2 and 
C5 
make 
up 
a 
high-frequency 
filter 
to 
reduce 
com- 


mutation 
spikes 
which 
pass 
L1 due 
to its interwinding 


capacitance. 
ASC provides 
output 
overcurrent 
sensing 
to the control 
section. 


Control 
Section 


The 
MC3520 
provides 
the 
PWM 
control 
for 
the 
supply. 
A2 
is adjusted 
to 
obtain 
a 20 
kHz 
operating 
frequency. 
A3 adjusts 
the dead 
time 
(;" 5 /-lS each half- 


cycle). 
U 1A and U 1B are the output 
current 
and output 
voltage 
error 
amplifiers, 
respectively_ 
AS sets the output 
voltage 
while 
A4 determines 
the 
output 
current 
limit. 


C7 and 
CB are 
the current 
and voltage 
loop 
compensa- 
tion capacitors. 
C6 provides 
the 
soft-start 
feature 
while 
Q4 ensures 
a 
soft·start 
after 
each system 
inhibit 
(pin 1510w). 


Base Drive Section 


Turn on drive to the power section switching transis- 


tors 
occurs 
when 
each 
of the 
outputs 
of 
the 
MC3520 
saturate. 
Q5 
or Q6 are therefore 
turned 
on, 
and 
15 V 
applied 
to the 
primaries 
of T3 or T4, supplying 
forward 
base drive to Q2 or Q3. 


Turn 
off 
drive 
occurs 
when 
Q5 or Q6 turn 
off, 
and 
the 
magnetizing 
energy 
stored 
in T3 
or 
T4's 
core 
is 
transformed 
into 
a negative 
"fly back" 
voltage 
at their 
secondaries, 
providing 
reverse 
base 
drive 
to 
Q2 
or Q3. 


CA 11 and 
CA 12 act 
as clamps, 
to prevent 
this flyback 
voltage 
from 
exceeding 
- 5 V at T3 
or T4 's secondary 
(30 V on Q5 or Q6's collector). 


Q1 Driver Section 


Q7 and 
T1 
provide 
the 
gate 
drive 
to Ql. 
Q7 starts 
operating 
after 
an initial 
delay 
of 100 ms created 
by the 
soft-start 
circuit, 
thereby 
allowing 
Cl 
and 
C2 to charge 
up before 
firing Q1. 
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The 
material 
given 
in this 
section 
is intended 
to ac· 


quaint 
the 
designer 
with 
the 
basic 
switching 
transistor 
configurations 
used in PWM power 
supplies. 
Circuit 
con· 


figurations, 
collector 
voltage 
and 
current 
waveforms 
of 
the 
switching 
transistors, 
and 
required 
transistor 
speci· 
fications 
for the 
most 
commonly 
utilized 
configurations 
are shown 
in Figures 
lA through 
4A. 
It should 
be noted 
that 
the 
waveforms 
and 
specifications 
are 
idealized, 
in 
that 
the 
effects 
of 
leakage 
inductance 
voltage 
spikes, 
stray 
circuit 
capacitance, 
snubber 
networks, 
clamp 
diode 
overshoots, 
diode 
reverse 
recovery 
and 
saturation 
volt· 


ages 
have 
been 
neglected. 
For 
more 
information 
on 
these 
effects, 
the configurations, 
or switching 
supplies 
in 
general, 
consult 
the 
references 
listed 
in the 
References 
section. 


Series Configuration 


The 
single 
transistor 
series 
configuration 
is shown 
in 
Figure 
1A. 
This configuration 
is usually 
limited 
to appli· 


cations 
in which 
0.2 VCC < Vo < 0.8 
VCC and where 


input-output 
isolation 
is not required. 


Push-Pull 
Configuration 


Figure 
2A shows 
the two-transistor 
push-pull 
configu- 


ration. 
Unlike 
the series configuration, 
it can be used to 
either 
step-up 
or step-down 
the 
input 
voltage, 
VCC' and 
also 
provides 
input-output 
isola·ion. 
It does, 
however, 


have 
the 
disadvantage 
that 
additional 
circuitry 
must 
be 
used 
to provide 
symmetry 
correction 
for the prevention 
of transformer 
saturation. 


Half-Bridge Configuration 


The half-bridge configuration, 
shown in Figure 3A, 
does not suffer from 
the symmetry 
problems of the 
push-pull configuration 
since the transformer primary is 
capacitively 
coupled. 
This prevents transformer 
core 
saturation since no net dc current is allowed to flow in 
its primary. 


Note that for the same input power, bus voltage, and 
duty cycle, the half-bridge requires switching transistors 


which havetwice the current and half the voltage require· 
ments asthose of the push-pull configuration. 


Full-Bridge Configuration 


By replacing the bridge capacitors, C, of the half- 


bridge configuration 
of 
Figure 4A results. 
With 
this 


configuration, 
double the power of the half-bridge con- 


figuration 
can be obtained at the expense of two addi- 


tional switching transistors and their associatedcircuitry. 


ABBREVIATIONS 
USED IN FIGURES lA 
THROUGH 4A 


IC: 
Switching transistor collector current 
VCE: 
Switching transistor collector-to-emiller-voltage 


Pin: 
Average input power 
D.C.: 
Inverter duty cycle 
VCC: 
DC bus voltage 
VCEO(sus): VCE that transistor must withstand during 
turn-on 
VCE that transistor must block during non- 
conduction period_ 


TRANSISTOR 
REQUIREMENTS' 


Ie;> '0 


vCEO(susl 
;;;;.vcc 


VCEX 
;;. vcc 
·S•• explanation 
of abbreviations 
In text. 


'c.-b=o~ 


VCE 


2VCC-lr3=---- 
----- 
VCC- - - - - 
- - - - 


t 


'cv,-ttn, 


TRANSISTOR 
REQUIREMENTS' 
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'C> 
---- 
D.C. x VCC 
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VCEX 
~ 
2 VCC 
'See explanation 
of abbreviations 
in text. 
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VCC~---_ 


O.5VCC---- 


-t 
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REQUIREMENTS- 


2)( 
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'C •• D.C.)( 
VCC 


VCEO(su,) 
;;;.VCC12 


VCEX 
;;. VCC 


FIGURE 
4A - 
FULL-BRIDGE 
CONFIGURATION 
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TRANSISTOR 
REQUIREMENTS- 
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IC" 
D_C_. 
VCC 


VCEO(suI) 
;;. VCC 


VCEX" 
VCC 


More detailed information 
on switching 
power sup- 


plies may be obtained by consulting the following 
articles: 


1. L. 
Jansson: 
"A 
Survey 
of 
Converter 
Circuits 
for 


SMPS," 
Mullard 
Tech~ical 
Communications 
#119, 
July 1973. 
2. R. Haver: "A New Approach to Switching Regulators;' 


Motorola AN-719, May 1974. 
3. R. Haver: 
"Switched 
Mode Power Supplies, a 5 V, 


40 A 
Design;' 
Motorola 
AN-737, 
December 
1974. 


4. W. Hersom: "Optimizing 
the High Current Transistor 
Converter," 
Solid 
State Power Conversion, 
Marchi 
April 
1975. 


5. W. Hirshberg: "Simplify 
Converter Designs with 
Fly- 
back," 
Solid 
State 
Power Conversion, 
March/April 
1975. 


6. P. Wood: "Design of a 5 y, 100 Watt Power Supply, 


TRW AN #122, 
February'1975. 


7. J. 
Turnbull: 
"Radio 
Frequency 
Interference 
Sup- 
pression in SMPS," Ferroxcube AN-F601. 


8. W. 
Hetterscheid: 
"Base 
Circuit 
Design for 
High- 


Voltage Switching 
Transistors 
in Power Converters," 


Mullard Technical Communications 
(North American 


Phillips) #473, November 1974. 


9. B. George: "6 V 100 A Switched-Mode Power Supply 


Operating Directly 
from the Mains," Mullard Techni- 


cal Communications 
(North American Phillips) #123, 


July 1974. 


10. B. Bailey: "Circuit 
Design and Semiconductor 
Selec· 


tion for Square·Wave and Sine-Wave Inverters," Proc. 
of Powercon 2, October 1975. 


11. B. 
Bailey: 
"Safe 
Reverse Bias Operation-A 
New 


Approach," 
Proc. of Powercon 3. June 1976. 


12. Gutmann 
and Suva: 
"A 
Line-Operated, 
Regulated 


5 
V/50 
A 
Switching 
Power 
Supply," 
Motorola 
AN-767, September 1976. 


Speeifieations 
and Applications 


Information 


Theseovervoltage pr0tection circuits (OVP) protect sensitiveelec- 
tronic 
circuitry 
from 
overvoltage transients or regulator failures 
when used in conjunction with an external "crowbar" 
SCR. They 
sense the overvoltage condition 
and quickly 
"crowbar" 
or short 
circuit the supply, forcing the supply into current limiting or open- 
ing the fuse or circuit breaker. 
The protection voltage threshold is adjustable and the MC34231 
3523 can be programmed for minimum 
duration 
of overvoltage 
condition before tripping, thus supplying noise immunity. 


The MC3423/3523 is essentially a "two terminal" 
system, there- 
fore it can be usedwith either positive or negativesupplies. 


R.ting 
Symbol 
V.lu. 
Unit 


Differential 
Power 
Supply 
Voltage 
Vrr-VEE 
40 
Vdc 


Se"se Voltage (1) 
VSense 1 
6.5 
Vdc 


Sense 
Voltage 
12l 
VSense 
2 
6.5 
Vdc 


Remote 
Activation 
Input 
Voltage 
Voct 
7.0 
Vdc 


Output 
Current 
10 
JOO 
mA 


Operating 
Ambient 
Temperature 
Range 
TA 
·c 
MCJ42J 
o to +70 
MCJ52J 
-55 to +125 


Operating 
Junction Temperature 
TJ 
·c 
PlastiC Package 
125 


Ceramic 
Package 
150 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
oC 


DC 
Power 
Cout 


Supplv 


MC3423 
MC3523 


OVERVOLTAGE 


SENSING 
CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


P1 SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626 
(MC3423 
only)•• 
l'!t"l I 


USUFFIX 
CE RAMIe 
PACKAGE 
CASE 
693 


ORDERING 
INFORMATION 


DEVICE 
TEMPERATURE 
RANGE 
PACKAGE 


MC3423Pl 
o to ~10oC 
Plastic 
DIP 


MC3423U 
o to +70oC 
Ceremic 
DIP 


MC3523U 
-55 to +125·C 
Ceremic 
DIP 


,---- 


Characteristic 
Symbol 
Min 
TVp 
Max 
Unit 


Supply 
Voltage 
Range 
VCC-VEE 
4.5 
- 
40 
Vdc 


Output 
Voltage 
Vo 
VCC-2.2 
VCC-l.8 
- 
Vdc 
110.100 
mAl 


Indicator 
Output 
Voltage 
VOLllnd) 
- 
0.1 
0.4 
Vdc 
1I01lnd) • 1.6 mAl 


Sense Voltage 
VSens~ 1, 
2.45 
2.6 
2.75 
Vdc 


ITA' 
250CI 
VSense 
2 
Temperature 
Coefficient 
of VSense 1 
TCVSl 
- 
0.06 
- 
%/vC 


(Figure 
2) 


Remote Activation Input Current 
~A 
IVIH' 
2.0 v. VCC-VEE 
• 5.0 VI 
IIH 
- 
5.0 
40 
IVIL' 
0.8 v. VCC-VEE' 
5.0 V) 
IlL 
- 
-120 
-180 


Source 
Current 
Isource 
0.1 
0.2 
0_3 
mA 


Output 
Current 
Risetime 
t, 
400 
mA/lJ.s 
ITA' 
250CI 


Propagation 
Delay 
tpd 
- 
0.5 
- 
"' 
IT A' 
250CI 


Supply 
Current 
10 
mA 
MC3423 
- 
6.0 
10 
MC3523 
- 
5.0 
7.0 


V E E 
J 
V sense 2 
5 
6 
Indicator 
Remote 
Output 


Activation 


Switch 1 


(A) ,- 
r' 


3 


Switch 2 
• 
V, 


1T VCC 


+'l To 


. 
Load 


Q1 
Vs ~ 50 
V. 2N6504 
or equivalent 
Vs <; 100 V; 2N650S 
or equivalent 
Vs 
<; 200 
V; 2N6506 
or eQui ••••lent 
Vs 
" 
400 
V; 2N6507 
or equivalent 
Vs 
<; 600 
V; 2N6508 
or equivalent 
Vs 
t;. 800 
V; 2N6509 
or equivalent 


AS 
'-= 
(VS 2~ 10) 
kn 


Vtrip" 
V,ef 
(1+~) 
"'" 2.6 V i1+~) 


°R2<:10kn 


Vcc 


V!';Pa~------ 


Vc 


V,.f 
- t .-- - .-- - - - - - - -/'\ 
-- -- - --- 


a ~._~_ 
L__ 
...J.. 
__ 


Va 


al-r----j-----~..;~~ 


VIQt=-----.=-~__ 
t'\ 
_ 


BASIC CIRCUIT 
CONFIGURATION 


The 
basic 
circuit 
configuration 
of the 
MC3423/3523 
OVP 
is shown 
in Figure 
3 for supply 
voltages 
from 
4.5 V 
to 36 V, and in Figure 
4 for trip voltages 
above 
36 V. The 


threshold 
or trip 
voltage 
at which 
the 
MC3423;3523 
will 
trigger 
and 
supply 
gate drive 
to the 
crowbar 
SCR, 
Ql, 
is 
determined 
by the 
selection 
of 
R 1 and 
R2. Their 
values 


can 
be determined 
by the 
equation 
given in Figures 
3 and 
4, or by the graph 
shown 
in Figure 
B. The minimum 
value 
of 
the 
gate 
current 
limiting 
resistor, 
RG, 
is given 
in 
Figure 
9. Using this value of RG, the SCR, Ql, 
will receive 
the 
greatest 
gate 
current 
possible 
without 
damaging 
the 


MC3423/3523. 
If lower 
output 
currents 
are required, 
RG 
can be increased 
in value. 
The switch, 
Sl, 
shown 
in Figure 
3 may 
be used 
to reset 
the 
SCR crowbar. 
Otherwise, 
the 
power 
supply, 
across 
which 
the 
SCR 
is connected, 
must 
be shut 
down 
to 
reset 
the 
crowbar. 
If a non 
current· 
limited 
supply 
is 
used, 
a 
fuse 
or 
circuit 
breaker. 
Fl, 


should 
be used to protect 
the SCR and/or 
the load . 


. The 
circuit 
configurations 
shown 
in Figures 
3 and 
4 
will 
have 
a typical 
propogation 
delay 
of 
1.0 
/1S. 
If faster 
operation 
is desired, 
pin 3 may be connected 
to pin 2 with 
pin 4 left floating. 
This will result 
in decreasing 
the propo· 


gation 
delay 
to approximately 
0.5 
/1S at the 
expense 
of a 
slightly 
increased 
TC for the trip voltage 
value. 


CONFIGURATION 
FOR 
PROGRAMMABLE 
MINIMUM 
DURATION 
OF OVERVOLTAGE 
CONDITION 
BEFORE 
TRIPPING 


In many 
instances, 
the MC3423/3523 
OVP will be used 
in a noise 
environment. 
To 
prevent 
false tripping 
of the 
OVP 
circuit 
by noise 
which 
would 
not normally 
harm 
the 
load, 
MC3423/3523 
has a programmable 
delay 
feature. 
To 
implement 
this feature, 
the circuit 
configuration 
of Figure 
5 is used. 
In this configuration, 
a capacitor 
is connected 


from 
pin 3 to VEE. 
The value of this capacitor 
determines 
the 
minimum 
duration 
of the overvoltage 
condition 
which 
is necessary 
to trip 
the 
OVP. The value of C can be found 


from 
Figure 
10. 
The 
circuit 
operates 
in the 
following 
manner: 
When 
VCC 
rises above 
the 
trip 
point 
set by 
Rl 
and 
R2, an internal 
current 
source 
(pin 4) begins charging 
the 
capacitor, 
C, connected 
to 
pin 
3. 
If the 
overvoltage 
condition 
disappears 
before 
this 
occurs, 
the 
capacitor 
is 
discharged 
at 
a rate 
'2! 10 times 
faster 
than 
the 
charging 
rate, 
resetting 
the timing 
feature 
until 
the next overvoltage 
condition occurs. 


Occasionally, 
it is desired 
that 
immediate 
crowbarring 
of 
the 
supply 
occur 
when 
a high 
overvoltage 
condition 
occurs, 
while 
retaining 
the 
false 
tripping 
immunity 
of 
Figure 
5. In this case, 
the circuit 
of Figure 
6 can be used. 


The 
circuit 
will operate 
as previously 
described 
for small 
overvoltages, 
but 
will 
immediately 
trip 
if 
the 
power 
supply 
voltage 
exceeds 
V Z 1 + 1.4 V. 


FIGURE 6 - CONFIGURATION 
FOR PROGRAMMABLE 
OURATION 
OF OVERVOLTAGE 
CONOITION 
BEFORE 
TRIP/WITH 
IMMEDIATE 
TRIP AT 
HIGH OVERVOLTAGES 
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1. Activation 
Indication 
Output 


An additional 
output 
for use as an indicator 
of OVP 
activation 
is provided 
by the 
MC3423/3523. 
This 
out· 


put 
is an 
open 
collector 
transistor 
which 
saturates 


when 
the OVP is activated. 
It will remain 
in a saturated 


state 
until 
the 
SCR 
crowbar 
pulls 
the supply 
voltage, 


VCC, 
below 
4.5 
V as in Figure 
5. This 
output 
can 
be 


used 
to clock 
an edge triggered 
flip·flop 
whose 
output 


inhibits 
or shuts 
down 
the power 
supply 
when 
the OVP 
tr ips. 
This 
reduces 
or 
eliminates 
the 
heatsinking 
reo 


quirements 
for the crowbar 
SCR. 


2. Remote 
Activation 
Input 


Another 
feature 
of the 
MC3423/3523 
is its remote 


activation 
input, 
pin 5. If the volage on this CMOS/TTL 


compatible 
input 
is held 
below 
O.B 
V. the 
MC3423/ 


3523 
operates 
normally. 
However, 
if it is raised 
to a 
voltage 
above 
2.0 
V, 
the 
OVP 
output 
is activated 


independent 
of 
whether 
or 
not 
an 
overvoltage 
con· 


dition 
is present. 
It should 
be notl!d 
that 
pin 5 has an 
internal 
pull·up 
current 
source. 
This 
feature 
can 
be 
used 
to 
accomplish 
an 
orderly 
and 
sequenced 
shut· 


down 
of 
system 
power 
supplies 
during 
a 
system 
fault 
condition. 
In addition, 
the 
activation 
indication 
output 
of 
one 
MC3423/3523 
can 
be 
used 
to activate 
another 
MC3423/3523 
if a single 
transistor 
inverter 
is 


used 
to 
interface 
the 
former's 
indication 
output 
to 
the 
latter's 
remote 
activation 
input, 
as shown 
in 
Figure 
7. In this circuit. 
the 
indication 
output 
(pin 61 
of the 
MC3423 
on power 
supply 
1 is used 
to activate 
the 
MC3423 
associated 
with 
power 
supply 
2. 01 
is 


any small PNP with adequate 
voltage 
rating. 
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Note 
that 
both 
supplies 
have 
their 
negatIve 
output 
leads tied together (I.e., both are positive supplies). If 


their 
positive 
leads are common 
(two 
negative 
supplies) 
the emitter of 01 would be moved to the positive lead 
of suppl,; 1 and R1 would therefore haveto be resized 
to deliver the appropriate drive to 01. 


Referring to Figure 11, it can be seenthat the crowbar 


SCR, when activated, is subject to a large current surge 
from the output capacitance, Cout 1. This surge current is 
illustrated in Figure 12, and can cause SCR failure or 
degradation 
by 
anyone 
of 
three mechanisms: di/dt, 
absolute peak surge, or 12t. The interrelationship of these 
failure methods and the breadth of the application make 
specification 
of the SCR by the semiconductor manu· 
facturer difficult 
and expensive. Therefore, the designer 
must empirically determine the SCR and circuit elements 
which 
result in reliable and effective 
OVP 
operation. 
However, an understanding of the factors which influence 
the SCA's di/dt and surgecapabiliti", 
simplifies this task. 


As the gate region of the SCR is driven on, its area 
of conduction takes a finite amount of time to grow, 
starting as a very small region and gradually spreading. 
Since the anode current flows through this turned·on 
gate region, very high current densities can occur in 
the gate region if high ~node currents appear quickly 
(di/dt). 
This can result In immediate destruction of 
the SCR or llradual degradation of its forward blocking 
voltage capabiliti", 
- depending on the severity of the 


occasion. 


1Cvut consists of 
the power supply OlJlIJut caps, the 
load's decouplir,g caps, and ill the caseof Figure 11A, the 
supply's input filte, caps. 
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DC 
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As an 
aid 
in selecting 
an 
SCR 
for 
crowbar 
use, 
the 
following 
selection 
guide 
is presented. 


DEVICE 
IRMS 
ITSM 
PACKAGE 


2N6400 
Series 
16A 
160A 
T0220 
Plastic 
2N6504 
Series 
25A 
160A 
T0220 
Plastic 
2N1842 
Series 
16A 
125A 
Metal Stud 


2N2573 
Series 
25A 
260A 
Metal TO·3 Type 


2N681 
Series 
25A 
200A 
Metal Stud 


MCR3935·1 
Series 
35A 
350A 
Metal Stud 
MCR81·5 
Series 
80A 
1000 A 
Metal Stud 


The value 
of di/dt 
that 
an SCR can safely 
handle 
is 
influenced 
by its construction 
and 
the 
characteristics 
of 
the 
gate 
drive 
signal. 
A center·gate·fire 
SCR 
has 
more 
di/dt 
capability 
than 
a corner-gate-fire 
type 
and 


heavily 
overdriving 
(3 to 
5 times 
IGT) 
the 
SCR 
gate 


with 
a 
fast 
(< 1 ps) 
rise 
time 
signal 
will 
maximize 
its 


di/dt 
capability. 
A typical 
maximum 
number 
in phase 


control 
SCRs 
of 
less 
than 
50 
Arms 
rating 
might 
be 


200 
A/)1s. assuming 
a gate 
current 
of 
five 
times 
IGT 
and < 1 )1S rise time. 
If having done 
this, a di/dt 
prob- 


le"m is seen to still exist, 
the designer can also decrease 


the 
di/dt 
of 
the 
current 
waveform 
by adding 
induc- 


tance 
in series 
with 
the 
SCR, 
as shown 
in Figure 
13. 


Of course, 
this 
reduces 
the 
circuit's 
ability 
to rapidly 


reduce 
the dc bus voltage 
and a tradeoff 
must 
be made 


between 
speedy 
voltage 
reduction 
and di/dt. 


2_ Surge Current 


If the 
peak 
current 
and/or 
the duration 
of the surge 


is 
excessive, 
immediate 
destruction 
due 
to 
device 
overheating 
will result. 
The surge capability 
of the SCR 
is directly 
proportional 
to 
its 
die 
area. 
If the 
surge 
current 
cannot 
be reduced 
{by adding 
series resistance 


- 
see Figure 
131 to a safe level which 
is consistent 
with 
the 
system's 
requirements 
for 
speedy 
bus 
voltage 


reduction, 
the 
designer 
must 
use a higher 
current 
SC R. 


This 
may 
result 
in 
the 
average 
current 
capability 
of 
the 
SCR 
exceeding 
the 
steady 
state 
current 
require- 


ments 
imposed 
by the dc power 
supply. 


Before 
leaving 
the 
subject 
of the crowbar 
SCR, 
a few 
words 
about 
fuse protection 
are in order. 
Refering 
back to 
Figure 
11 A, it will be seen that 
a fuse 
is necessary 
if the 


power 
supply 
to be protected 
is not 
output 
current 
limi- 


ted. 
This 
fuse 
is not 
meant 
to 
prevent 
SCR 
failure 
but 
rather 
to prevent 
a fire' 
In order 
to 
protect 
the 
SCR, 
the 
fuse would 
have to 
possess 
an 
12t rating 
less than 
that 
of 
the 
SCR 
and 
yet 
have a high enough continuous current rating to survive 
normal 
supply 
output 
currents_ 
In addition, 
it must 
be 
capable 
of 
successfully 
clearing 
the 
high 
short 
circuit 
currents 
from 
the 
supply. 
Such 
a fuse 
as this 
is Quite 


expensive, 
and may not even be available. 


The 
usual 
design 
compromise 
then 
is to use a garden 
variety 
fuse (3AG or 3AB style) 
which 
cannot 
be relied 
on 
to 
blow 
before 
the 
thyristor 
does, 
and 
trust 
that 
if the 


SCR does 
fail, 
it will fail short 
circuit. 
In the majority 
of 
the designs, 
this will be the case, though 
this is difficult 
to 
guarantee, 
Of course, 
a sufficiently 
high surge 
will cause 


an open. 
These 
comments 
also apply 
to the fuse in Figure 


lIB. 
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Seven channel digit 
(anode) drivers, the MC3490 and MC3494 
are specifically conceived 10 be usedwith high-voltage, gas-discharge 
numeric displays suchasthe Burroughs' Panaplex®, Beckman (Sperry) 
Cherry, or Diacon displays. 


The MC3490 version is configured such that a high logic level 
input causesthe driver to turn on while the MC3494 requires a low 
logic 
level to turn 
the 
drivers 
on. 
Both 
devices 
are designed 
to mate 


with the MC3491 cathode (segment) driver. 


With a low input current requirement of only 300 jJ.A typically, 


these devices are compatible with popular MOS chips. 


Minimum 
breakdown 
voltage is specified at 48 V and output 
drive current capability is typically 
30 mA per channel. 


• 
High Breakdown Voltage - 55 V Typical 


• 
Low Input Current for MOS Compatibility 


• 
Available with Either Active High or Active Low Inputs 


• 
Operable from Either POSitiveor Negative Supply Voltages 


• 
Input Clamp Diodes on MC3494 Version for DC Restoration 


• 
Internal 
Pull-down 
Resistors 


MC3490 MC3494 


ANODE 
(DIGIT) 
DRIVERS 
FOR 


GAS-DISCHARGE 
DISPLAYS 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


~ 
PIN CONNECTIONS 
ry«fn ~"I, 
MC3490 


Output 


P SUFFIX 
A 


PLASTIC 
Output 
" 
Input 


PACKAGE 
8 
A 
Output 
.. 
Input 
CASE 
648 
C 
8 
Output 
" 
Input 
0 
C 
Output 


" 
Input 
E 
0 
Output 
Input 
F 
E 


Output 
Input 
G 
F 
VEE 
Input 
G 


OutPut 
VCC 
A 
Output 
Input 
8 
A 


Output 
.. 
Input I 


MC3494 
c 
8 
Output 
., 
Input 
0 
C 
Output 
Input 


E 
0 
Output 
Input 
F 
E 
Oytpyt 
.. 
Input 
G 
F 


VEE 
Input 
G 


R.ting 
Symbol 
V.llia 
Unit 


Negative Supply Voltage 
VEE 
~O 
Vdc 


(Current Limited to -5 mAl 


Negative Supply Current 
lEE 
-5.0 
mAdc 


Input Voltage 
VI 
VCC 20,VCC 
Vdc 


Output Current 
10 
-50 
mAde 


IVO = -5 VI 


Package Po..wr Dissipation 
Po 
830 
mW 


Derate above 2SoC 
6.7 
mW/oC 


Junction Temperature 
TJ 
150 
°c 


Operating Ambient Temperature Range 
TA 
o to +70 
°c 


Storage Temperature Range 
Tstg 
~5 
to +150 
°c 


MC3490 
MC3494 


Ch.rKteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Substrate Breakdown Voltage 
VSI8R) 
-48 
-55 
- 
-48 
-55 
- 
Vdc 


Input Current - 
On State 
Ilion) 
"A 


VI = 0.0 V ISee Figure 41 
- 
250 
700 
- 
- 
- 


VI = -7.0 V ISee Figure 3) 
- 
- 
- 
- 
-200 
-350 


Input Current - Off State 
IliofO 
"A 


VI--15V 
- 
<-1.0 
-45 
- 
- 
- 


VI"O.OV 
- 
- 
- 
- 
<1.0 
50 


Input Voltage - 
Off State 
Vlloff} 
-5.0 
-2.0 
Vdc 


Va ~VEE 
(See Figures 3 and 4) 


Input Voltage - On State 
Vllon) 
-2.0 
- 
-5.0 
Vdc 
VO' 
VCC-5.O V ISee Figures 3 and 4} 


Output 
Voltage - 
Off State 
VOloffi 
Vdc 


VI" 
0.0 V 
- 
- 
- 
-48 
- 
- 


VI " -7.0 V 
-48 
- 
- 
- 
- 
- 


Output Voltage - 
On State 
VOlon) 
Vdc 


10 = -20 mA, VI ·0.0 
V 
- 
- 
-3.5 
- 
- 
- 


10' 
-20 mA, VI' 
-7.0 V 
- 
- 
- 
- 
- 
-5,0 


The 
MC3491 
and MC3490/MC3494 
high voltage 
driver 
system 
is designed 
such 
that 
it can 
be floated 
and 
any 
point 
in the 
system 
may 
be tied 
to 
circuit 
ground. 
In a 
MOS 
system, 
normally 
either 
the 
ground 
pin 
on 
the 


MC3491 
is tied 
to 
the 
most 
negative 
MOS 
voltage; 
or 
the 
VCC pin 
on 
the 
MC3490/MC3494 
is connected 
to 
the 
most 
positive 
MOS voltage, 
In the electrical 
character· 


istics table, 
this Vccvoltage 
is assumed 
to be 0.0 volts. 


The MC3490/MC3494 
provides 
its own internal 
voltage 


reference 
when 
a c'urrent 
(-100 
J1.A to 
-5 
mAl 
is drawn 


at the VEE pin (pin 8). This can be provided 
by connecting 
a resistor 
from 
Pin 8 to the 
high voltage 
reference 
on the 


cathode 
driver 
or 
any 
other 
voltage 
more 
negative 
than 


VCC -60 V. This 
voltage 
(Pin 8) is approximately 
-55 
V 
and 
provides 
a reference 
for 
the 
pull·down 
function 
for 
each 
channel. 
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02 
01 


03 
02 


04 
03 
05 
04 
06 
05 
07 
D6 
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09 


A4 
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A3 


VEE 
VEE 
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A2' 
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12·DIGIT 
CMOS GAS DISCHARGE 
DISPLAY 


When 
the 
number 
of digits 
for a gas discharge 
dIsplay 


system 
is greater 
than 
the 
number 
of segment 
drivers. 
it is 


generally 
more economical 
to level translate 
down 
to the 


cathode 
segments 
than 
to translate 
up to the 
digit 
anodes 
An 
example 
of 
this 
technique 
is shown 
in the 
12 digit 
display 
system 
where 
the 
display 
anodes 
and 
cathodes 
are 
referenced 
to ground 
and 
-180 
V respectively. 


The 
positive 
logic 
CMOS 
address 
circuits 
are 
powered 


by 
-10 
V 
(V DO = O. VSS = -10 
V) with 
the MC14558 


decoder 
outputs 
capacitor-coupled 
to the MC3491 
Segment 


Drivers 
and 
the 
scan 
CirCUit 
directly-coupled 
to 
the 
MC3490 
Anode 
Drivers. 
Thus, 
only 
eight 
capacitors 
(seven 
segments. 
otle 
decimal 
POint) 
are 
requlled 
as com· 


pared to 
12 capaCitors, if the strobed 
dIgit 
drivers were 
ae coupled. 


The MC3491 
has Input 
clamp diodes allowmg 
for de 


restoration 
of the segment address pulse. ThIS hIgh voltage 
dnver 
{SO VI 
also features programmable 
segment current 
by the selection of a Single external resistor. 


The MC3490 Anode Drivers are selected by the positive 


going output 
of the dIgit scan circuit. 
(If the scan circuit 
outputs 
were 
negative going, 
the 
low 
logiC level input 
MC3494 
Anode 
Driver 
should 
be 
used.) 
The 
internal 


zener 
diode 
string 
of 
the 
MC3490 
references 
the 
off 


drIvers (and display anodes) to -50 V without 
the need of 


pull·down 
resistors. 


DIgit 
scanning 
for 
this 
example 
IS derIved 
from 
two 
cascaded Me 14022 
Octal 
Counter/Drivers. 
The 
12 se· 


quenced 
output 
pulses 
are 
achieved 
by 
resetting 
the 
counters with 
the secof"d counter 
07 output. 
In addition 
to driVing the two 
MC3490s. 
the COUf"teroutput 
should 


also 
control 
the 
system 
multiplexer 
(not 
shown) 
to 


properly 
synchronize 
the entire display system. 


The MC14558 
BCD to Seven Segment Decoder has an 


Enable Input 
which 
readdy provides 
for dIsplay cathode 
blanking 
For the Illustrated 
display. 
the cathode drivers 
should 
be turned off 
prior 
to anode sWltchmg and mal"· 


tamed off for some perIod after the next anode is strobed. 


ThiS cathode 
blankmg 
overlap 
is derived 
by 
trailing 
edge time delaymg the Gate 1 output 
of the non· symmetrIc 


4 kHz 
scar. oscillator 
With 
the 
Integrated 
network 
and 
Inverter Gate 3. 


The high voltage power supply rise and fall tImes should 


be greater than the charge time of the coupling 
capacitors 


to 
prevent 
large transients 
from 
possible degrading 
the 


Interface 
electronics 


For 
this 
example. 
power 
supply 
rise and fall 
time of 


50 ms minimum 
will suffice. 


4 kH~ 
Sc••...O"itluo. 
C.thod. 
811,nk'''1iI 


MC14&58 
BCD '0 


7·S·am."t 
Dec:od•• 


3·1/2 DIGIT 
VOLTMETER 


This 
specific 
application 
provides a 3·1/2 digit 
DVM 
utilizing 
the 
MC1505 
dual 
ramp 
subsystem 
and 
CMOS 
MC14435 
digital 
subsystem. 
Interfacing 
between 
low 
voltage 
logic 
les 
and 
the 
higher 
voltage 
gas 
discharge 
displays 
requires 
level 
translation 
or shifting. 
The 
method 
described for 
the 3·1/2 Digit DVM usesdirectly 
coupled 
high 
voltage 
(200 
VI transIstors 
to translate 
upwa 
d to the 


MC3494 
I Anode 
Driven. 
Three of the tranSistors com· 


prising 
the 
MPQ7042 
high 
voltage 
Quad 
transistor 
are used 
for 
this 
function. 
These 
transistors. 
connected 
In a com· 


mon·base. 
constant-current 
configuration, 
are 
turned 
on 
by 
the 
negative 
going 
dIgit 
select 
output 
puls~ 
at 
the 
MC14435. The current of approximately 
330 JiA is com· 


patible with 
200 JiA typical 
Input current of the MC3494 


and the sink current capability 
of the MC14435. 


The 
CMOS 
MC 14558 
8CD-lo-Seven 
Segment 
Decode' 


has the capability 
of directly 
driving the MC3491 Segment 
Driver. 
Cathode blanking 
is accomplished 
by taking the 
clock 
signal from 
Pin 4 of the MC14435 (approximately 


50% duty 
cycle) and tying it to the Enable input of the 
MC14458. The dIsplay segment current is increased accord- 
ingly to 1.1 mA (manufacturers maximum specified current 


equals 1.25 mAl 
for this relatively large cathode blanking 
period. 


The 
positive 
and 
negative polarity 
signs are direct 
driven 
by 
the 
fourth 
transistor 
of 
the 
MPQ7043 
and 


MP$·A42 
transistor, 
02, 
respectively. 
Their 
dc segment 
currents are scaled to produce the same brightness as the 
multiplexed 
dIgits. 


The 
1/2 digit 
segments are driven 
by transistor 
01. 


Its 
emitter 
is normally 
referenced 
to 
ground 
through 


MC14572 
Inverter G2, the output 
inverter 
of the Over· 


range Oscillator. 


When an overrange Sltl:Jation occurs, the OSCillator is 
enabled, thus causing the display to flash at the oscillator 
rate (approximately 
8 Hz). ThIS is accomplished by blank· 


Ing the 1/2 digit 
through a 1 and the multiplexed 
digits 
through diode 01 to the decoder enable input. 


See the 
MC1405 land MC14435 data sheets for more 


details of DVM system. 


POI.,'1Y. 
0 ••••, •• "11* 
Oel.cto. 


12·HOUR 
CLOCK 
WITH 
GAS DISCHARGE 
DISPLAYS 
The 
MC3491 
cathode 
driver 
and 
MC3494 
anode 
driver, 
greatly 
simplify 
the 
interfacing 
of 
a clock 
chip 
(MOSTEK 
MK502S01 
to 
a gas discharge 
clock 
display 
(Burroughs 
CD60733·CMI. 


The MK50250 hasa 6 digit clock display with 
multiplex- 


ed 7 segment 
outputs. 
The 
MC3491 
cathode 
driver's 
switch 
each display cathode between ground (on condition) 
and 


+75 
Volts 
loff 
condltionl 
with 
current 
limiting 
for 
the 
display 
provided via the current 
programming 
Pi" on the 
MC3491. 
The 
+75 
Volt 
reference 
is obtained 
from 
a 
75·Volt 
zener 
diode. 
21 
R 1. and 
a 50-Voir 
zener 
diode 
internal 
to the MC3494 
anode driver. 


The programming current is reduced during the time 
when the "two 
seconds" Indicator digits are ON, to reduce 
the 
current 
through 
these 
smaller 
digits 
of 
the 
display, 


Four 
diodes 
attached 
to 
each 
of 
the 
"hours" 
and 
"min· 


utes" 
digits. 
provide 
a voltage 
of 
+180 
Volts 
across 
the 
680 
kn 
resistor. 
During 
the 
"seconds" 
digits 
display 
time. 


the 
vol.tage 
is reduced 
to 
+130 
Volts. 
thus 
reducing 
the 
programming 
current. 


The 
anodes 
for 
each 
of 
the 
six 
digits 
are 
switched 
between 
the 
+ 180 Volt 
positive 
supply 
and 
+ 130 Volts 


via 
the 
MC3494 
anode 
drivers. 
Inter·diglt 
blanking 
is 


provided 
in 
the 
anode 
circuits. 
Level 
translation 
from 
the 
clock 
chip 
output 
to 
the 
input 
to 
the 
MC3494 
uses 
two 
MPQ7042 
quad 
high 
voltage 
transistor 
packages 
oper· 


ating 
in an 
emitter 
follower 
current 
source 
mode. 
Each 
current 
source 
turns 
on 
one 
of 
the 
MC3494 
drivers 
by 
sinking 
300 
IJA to ground 
for 
the 
proper 
"on" 
digit. 
The 
AM/PM 
clock 
output 
is 
in 
the 
high 
state 
when 
PM 
IS indicated 
and 
has 
a 85% 
duty 
cycle 
corresponding 
to 
each anode on t.me. 
A 
MC14001 
Quad 
NOR 
Gate 
decodes 
thiS output 
to 
turn 
on the 
appropriafe 
AM or PM 


indicator 
during 
the 
06 
digit. 
These 
Gates 
control 
the 


AM/PM 
display 
indicators 
with 
the 
remaining 
MPQ7042 
high 
voltage 
transistors 
which 
were 
not 
used 
in 
anode 
selection. 


The 
colon 
separating 
hours 
and 
minutes 
is switched 
on 
dUflf19 the units 
of hours 
digit 
on time. 
The 
colon 
cathodes 


are 
switched 
from 
+ 75 Volts 
to 
ground 
via T 1 during 
the 


05 
dlgtt 
time 
while 
the 
anodes 
are 
switched 
between 
"BO 
and .130 Volts. 


Further 
information 
concerning 
operation 
or technical 
SpeCifications 
on 
the 
MOSTEK 
clock 
chip. 
MK50250. 
and 
the 
Burroughs 
clock 
display. 
CD60733·CM 
is obtainable 


from 
the 
manufacturers. 
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The MCJ491 and MC3492 are eight'segment cathode drivers ·for 
use with 
gas-discharge displays, such as the Burroughs' 
Panaplex®, 
Beckman, Cherry or Diacon types. Both devices are directly 
compat· 
ible with 
MOS logic outputs 
due to their low 300 IJA input current 
requirement. 


All eight driver output 
currents are simultaneously 
programmable 
by selection of a single external resistor. 
As programmed, all eight 
currents match to within 
typically 
1% of each other. 


Both devices provide dc restoration. 
The units are specified for a 
minimum 
breakdown voltage of BOV. 
The MC3492 devioe is made for 
larger and higher intensity 
dis- 
plays requiring higher segment current. 


• 
High Breakdown 
Voltage - 
80 V Min 
• 
Drives Seven Cathode Segments plus Decimal Point 


• 
All Currents Simultaneously 
Programmable with One Resistor 


• 
MC3491 is Pin·for·Pin and Functionally 
Equivalent to DM8889 


• 
Output 
Current/Programming 
Current Ratio - 
Typically 
4.5:1 for MC3491 
9:1 for MC3492 


• 
Companion with MC3490 and MC3494 Anode Drivers 


• 
MC3492 Provides Increased Output Current for High 
Intensity 
Displays 


"Higher Voltage Selection Available 


MC3491 
MC3492 


SEGMENT 
DRIVERS 
FOR 
GAS-DISCHARGE 
DISPLAYS 


SILICON 
MONOLITHIC 


INTEGRATED 
CIRCUIT 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
701 


Programming 
Current 
I"put 
1 
2 


Input 
2 
J 


Input 
3 


Input 4 


Input 
5 
6 


Input 6 


Input 
7 
8 


Input 8 
9 


l~ 
Output 
1 


11 ~OutPut 2 


16 
OutPUt 3 


,~ jOutput 
4 


'. 
Output 
5 


13 
Output 
6 


11 
Output 
7 


" 
Output 
8 


10 
Substrate 
(Gnd)' 


MQS 
Clock 


or Calculator 


Chip 


MC3490 
0' 
MC3494 


• VCC I. tied to the 
molt positive level, 


of the MOS 
circu it. 


Rating 
Symbol 
Value 
Unit 


OUTput 
OF F VOITagp 
VO(offl 
95 
V 


(CurO'nT 
Lunltl'd 
10 O!) mAl 


Output 
ON 
Volla94' 
VOlon) 
50 
V 


lCufrt'nt 
L,mtll'd 
to '2 0 mAl 


Input 
VOlt.Jqc 
V, 
20 
V 


ProqllJrllfnlllY 
Curp'l\l 
Iprog 
"A 


MC3491 
400 
MC3492 
2500 


JI,IH.!IO'\ 
Tl'lnl),·ralurt· 
TJ 
150 
°c 


Ov,'rallllC} 
A,nl, 
••.nt T"lnp"rall,o' 
Hally!' 
TA 
o to 70 
°c 


510ragl' 
TI'mll"rdl\lp' 
RimtJf' 
T stg 
-65 to +150 
°c 


MC3491 
MC3492 


Characteristic 
Symbol 
Min 
TVp 
Ma. 
Min 
TVp 
Ma. 
Unit 


Inpul 
Current 
"H 
200 
300 
400 
200 
300 
400 
"A 


IV,H • 7.0 VI 


Input 
Clamp 
Voltage 
V,K 
- 
-1.0 
-1.0 
V 


IIIK 
= -1.0 mAl 


Input 
OFF 
Voltage 
Vil 
1.0 
1.5 
- 
1.0 
1.5 
- 
V 


Input 
ON 
Voltage 
VIH 
- 
2.4 
3.5 
- 
2.4 
3.5 
'I 


Output 
OF F Current 
'Oloffl 
- 
- 
5.0 
- 
- 
5.0 
"A 
IV,l 
~ 0 V, Vo 
= VCCI 


Output 
ON 
Current 
(at VtH 
- 70 
V)' 
'Olonl 
"A 


llprag:: 
100 
~A) 
400 
450 
500 
- 
- 
- 


Ilprog 
= 350 "AI 
1450 
1650 
185U 
- 
- 
- 


I'prog = 200 "AI 
- 
- 
- 
1.3 
1.6 
1.9 
mA 


IIprog = 500 "AI 
- 
- 
- 
3.75 
4.5 
5,25 


Output 
Current 
Matching 
'''0 
" 
1 
" 
10 
<; 1 
" 
10 
% 


(All 
eight 
outputs) 


Output 
OF F Voltage 
VOloffl 
V 
IIprog = 100 "A, Rl 
= 1.0 MS!, V,l 
= 0 VI 
VCC'5.0 
VCC 
- 
- 
- 
- 
IIprog = 200 "A, Rl 
= 1.0 MH, V,l 
= 0 VI 
- 
- 
- 
VCC,5.0 
VCC 
- 


Output 
Saturation 
Voltage 
VOlsatl 
V 


Ilprog = 100 "A, Rl 
= 1.0 MH, V,H 
= 7.0 VI 
- 
3.0 
5.0 
- 
- 
- 


IIprog = 200 "A, Rl 
= 1.0 MH, V,H = 7.0 VI 
- 
- 
- 
- 
3.0 
5.0 


Output 
Voltage 
Compliance 
Range 
VORlonl 
V 


IIprog = 100 "A, 'Olonl 
= 450 "A, V,H = 7.0 VI 
5.0 
- 
50 
- 
- 
- 


{See Figure 
31 


(Iprog:: 
200~A.IO(on):: 
1.6mA, 
VIH:: 
7.0VI 
- 
- 
- 
.- 5.0 
- 
50 


(See 
Figure 
31 
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3·1/2·DIGIT 
VOLTMETER 


This specific 
~pplication 
provides 
a 3·112·digit 
DVM 


utilizing 
the 
MC1505 
dual 
ramp 
subsystem 
and CMOS 


MC14435 
digital 
subsystem. 
Interfacing 
between 
low 


voltage 
logic 
ICs 
and 
the 
higher 
voltage 
gas 
discharge 


displays requires level translatIon or shifting. 
The method 


described for the 3·1/2-diglt 
DVM uses directly coupled 
high voltage (200 V) transistors to translate upward to 


the 
MC3494 
Anode 
Drivers. 
Three 
of 
the 
tranSistors 
comprising 
the MPQ7042 high voltage Quad transIstor 
are 


used for 
this 
function. 
These tranSistors 
connected 
In a 


common-base. 
constant-current 
configuration 
are 
turned 
on by the negative-gOing 
digit select output pulses at the 


MC14435. 
The 
current 
of 
apprOXimately 
330 
IJ,A IS 


compatible 
With 
200 IJ,A typical 
input 
current 
of 
the 


MC3494 and the sink current capability 
of the MC14435. 


The 
CMOS 
MC14558 
8CD·to·$even 
Segment 
Decoder 


has the 
capability 
of 
directly 
driVing 
the 
MC3491 
or 
MC3492 
Segment Drivers. 
Cathode blanking 
IS accom· 


pllshed 
by 
taking 
the 
clock 
signal from 
Pin 4 of 
the 


MC14435 
(approximately 
50% duty cycle) and tyIng It to 
the Enable Input of the MC14458. 
The display segment 


current 
is increased accordingly 
to 1.1 mA (manufacturers 


maximum 
specified 
current 
equals 
1.25 
mAl 
for 
thiS 


relatIvely large cathode blanking period. 


The 
positive 
and 
negatIve 
polarity 
signs are dIrect 


dnven 
by 
the 
fourth 
tranSistor 
of 
the 
MP07043 
and 


MPS-A42 tranSistor. 
02. 
respectively. 
Their 
dc segment 
currents are scaled to produce the same bnghtness as the 


multiplexed 
digits. 


The 
1/2·dlglt 
segments are driven 
by 
transistor 
01. 


Its 
emitter 
IS normally 
referenced 
to 
ground 
through 


MC14572 
Inverter 
G2. the output 
Inverter 
of the Over' 


range Oscillator. 
When an overrange SItuation 
occurs, the OSCillator IS 


enabled, thus causing the display to flash at the o,ctllator 
rate (approximately 
8 Hzl. 
ThiS ISaccomplished by blank- 


Ing the 1/2 digit 
through 
01 
and the multiplexed 
digits 
through diode D 1 to the decoder enable Input. 


See the MC1405 
and MC14435 
data sheets for more 


details of DVM system. 


POI."I .••. 
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12·DIGIT 
CMOS 
GAS 
DISCHARGE 
DISPLAY 


When 
the 
number 
of digits 
for 
a gas discharge 
display 
system 
is greater 
than 
the 
number 
of segment 
dr.vers, 
it is 


generally more economical to level translate down to the 
cathode 
segments 
lhan 
to translate 
up to the digit 
anodes 


An example of 
this technique is shown in the 12 digit 


display 
system 
where 
the 
display 
anodes 
and 
cathodes 
are 
referenced 
to ground 
and 
-180 
V respectively. 


The 
positive 
logic 
CMOS 
address 
circuits 
are 
powered 


by 
-10 
V (VDD 
= O. VSS = -10 
VI 
with 
the 
MC14558 
decoder 
outputs 
capacitor-coupled 
to the MC3491 
Segment 


Drivers 
and 
the 
scan 
circuit 
directly-coupled 
to 
the 


MC3490 
Anode 
Drivers. 
Thus. 
only 
eight 
capacitors 
(seven 
segments. 
otle 
decimal 
point) 
are required 
as com· 


pared to 
12 capacItors, 
if the strobed 
digIt 
drivers were 


ac coupled. 


The 
MC3491 
and MC3492 
have input 
clamp diodes 


allowing 
for 
dc restoration 
of the segment address pulse. 


These high voltage drivers 180 VI also feature programma' 
ble segment current 
by the selection of a single external 


resistor. 


The MC3490 Anode Drivers are selected by the positive 


going output 
of the digit 
scan circuit. 
(If the scan circuit 
outputs 
were 
negative going, 
the 
low 
logiC level 
Input 
MC3494 
Anode 
Driver 
should 
be used.) 
The 
internal 


zener 
diode 
string 
of 
the 
MC3490 
references 
the 
off 


drivers (and display anodes) to -50 V Without 
the need of 
pull·down 
resistors. 


Digit 
scanning 
for 
thIS example 
IS derived 
from 
two 


cascaded 
MC 14022 
Octal 
Counter/Drivers 
The 
12 se· 


quenced 
output 
pulses 
are 
achieved 
by 
resetting 
the 


counters With the second counter 07 output. 
In addition 


to driVing the two MC3490's, 
the counter 
output 
should 


also 
control 
the 
system 
multiplexer 
(not 
shown) 
to 


properly 
synchronize 
the entire display system. 


The MC14558 
BCD·to·Seven Segment Decoder has an 


Enable Input 
which 
readily 
prOVides for display cathode 


blanking. 
For the 
illustrated 
display, 
the cathode drivers 


should 
be turned 
off 
prior 
to anode SWitching and main· 
talned off for some peflod after the next anode is strobed 


ThIS cathode 
blanking 
overlap 
IS derived 
by 
trading 
edge ttme delaYing the Gate 1 output 
of the non·symmetrlc 


4 kHz 
scan OSCillator With 
the 
Integrated 
network 
and 
Inverter Gate 3. 


The hIgh voltage power supply rise and fait tImes should 


be greater than the charge tIme of the coupling 
capacitors 


to 
prevent 
large transients 
from 
pOSSible degrading 
the 
Interface 
electronics. 


For 
thiS example, 
power 
supply 
rise and fall 
time of 


50 ms mInimum 
Will suffIce. 


MC14S58 
9CO 
to 
7 S.lJ"".n1 
Decode, 


12·HOUR 
CLOCK 
WITH 
GAS DISCHARGE 
DISPLAYS 
The MC3491 
or MC3492 
cathode 
drivers and MC3494 


anode 
driver, 
greatly 
simplify 
the 
interfacing 
of a clock 


chip 
(MOSTEK 
MK502501 
to a gas discharge 
clock 
dlS- 


plav (Burrough. 
CD60733·CM)_ 


The MKS0250 has a 6~igit 
clock display with mult.- 


plexed 
7·segment 
outputs. 
The 
MC3491 
cathode 
drivers 
sWitch each display 
cathode 
between ground 
Ion condl- 


tionl 
and +75 Volts loff condition) 
with current limiting 
for the display provided Via the current programming pin 


on 
the 
MC3491 
or 
MC3492. 
The 
+75 
Volt 
reference 
is 


obtained 
from 
a 
75·Volt 
zener 
diode, 
Zl, 
R 1, 
and 
a 


50-Volt 
zener diode internal to the MC3494 anode driver. 


The 
programming 
current 
is reduced 
during 
the 
time 
when 
the 
"two 
seconds" 
indicator 
digits 
are ON, 
to 
reduce the current 
through 
these smaller digits of the diS- 


play. 
Four diodes attached to each of the "hours" 
and 


"minutes" 
digits, provide a voltage of +180 Volts across 
the 680 kf2 resistor. 
During the "seconds" digits display 
time, the voltage is reduced to + 130 Volts, thus reducing 
the programming current. 


The 
anodes for 
each of 
the six digits are switched 
between the +180 Volt 
positive supply and +130 Volts 
via 
the 
MC3494 
anode drivers. 
Inter·digit 
blanking 
is 


provided 
in the anode circuits. 
Level translation 
from 
the clock chip output 
to the input 
to the MC3494 uses 
tw~ MPQ7042 
quad high voltage transistor packagesoper· 
ating in an emitter·follower 
current 
source mode. 
Each 
current 
source turns on one of the MC3494 drivers by 


sinking 300 p.A to ground for the proper "on" digit. 


The AM/PM 
clock 
output 
is in the high state when 


PM is indicated and has an 85% duty cycle corresponding 
to 
each anode on time. 
A MC14001 Quad NOR Gate 
decodes this output 
to turn on the appropriate AM or PM 
indicator 
during the 06 digit. 
These Gates control 
the 
AM/PM display indicators 
with 
the remaining MPQ7042 
high voltage transistors which 
were not 
used in anode 
selection. 
The colon 
separating hours and minutes is switched 
on during the units of hours digit on time. 
The colon 
cathodes are switched 
from 
+75 Volts 
to ground via T1 
during 
the 05 digit 
time while 
the anodes are switched 
between +180 and +130 Volts. 
FurthtH information 
concerning operatIon or technical 
specifications on the MOSTEK 
clock chip, MK50250, 
and 
the Burroughs 
clock display, CD60733·CM is obtainable 
from the manufacturers. 
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These voltage regulators are monolithic 
Integrated circuits 
de- 


signed as fixed·voltage regulators for a wide variety of applications 
including local, on-card regulation. These regulators employ internal 
current 
limiting, 
thermal 
shutdown, 
and safe-area compensation. 


With adequate heatsinking they can deliver output currents in excess 
of 
1.0 ampere. Although 
designed primarily 
as a fixed 
voltage 


regulator, 
these devices can be used with 
external components to 
obtain adjustable voltages and currents. 


• 
Output Current in Excessof 1.0 Ampere 


• 
No External Components Required 


• 
Internal ThermCf!Overload Protection 


• 
Internal Short-Circuit Current Limitin~J 


• 
Output Transistor Safe-Area Compensation 


• 
Output Voltage Offered in 2% and 4% Tolerance 


Pin 2 I, ground 
for c. •• 221 A. 
C.se 
is ground 
for Cue 
1. 


Gnd 


Dwice 
Output 
Volt8ge 
T.mJMrature 
Range 
P.ck_ 
Tol.rance 


MC78XXK 
4% 
-55 
to +lSOoC 
Metal 
Power 
MC78XXAK 
2% 


MC78XXCK 
4% 
o to +1250C 
MC78XXACK 
2% 
MC78XXCT 
4% 
Pllstic 
Power 
MC78XXACT 
2% 


MC7800 
Series 


THREE-TERMINAL 
POSITIVE 
FIXED 
VOLTAGE 
REGULATORS 


K SUFFIX 


METAL 
PACKAGE 
CASE 1 


lTO-3 
TYPE} 


PIN! 
INPUT 
\r.~\~r""'t\ 
2 
OUTPUT 
'"-" 


CASE 
GROUNO 


T SUFFIX 


PLASTIC 
PACKAGE 
CASE 221A 


TQ·220 
TYPE 


INPUT 


GROUND 


OUTPUT 


:::~'-r1 ."j" h::::"" 
033~F+ - __± 
3_~c 


A 
common 
ground 
IS required 
between 
the 


mput 
and 
the 
Output 
voltages. 
The 
mput 
volt· 


age must 
remain 
typlcallv 
2.0 
V IIbove 
the out· 


put 
voltage 
even 
dunng 
the 
low 
point 
on 
the 


mput 
ripple 
vOltege 


XX 
E these 
two 
digits 
of 
the 
type 
number 
indi- 


CAte yolttge. 


• 
11:Cln 
IS required 
If 
regulator 
IS located 
an 


appreciable 
distance 
from 
power 
IUp~y 


filter. 


•• 
: Co 
15 not 
needed 
for 
5Ubility; 
h~r. 
it does 
Improve 
transient 
response. 


TYPE NO'NOLTAGE 


MC7805 
5.0 Votu 
MC7815 
15 Volts 


MC7806 
6.0 VolU 
MC7818 
18Volu 


MC7808 
8.0 
Volts 
MC7824 
24 Volt5 


MC7812 
12 VolU 


Rating 
Svmbol 
Value 
Unit 


Input 
Voltage 
15.0 V - 18 VI 
Vin 
35 
Vdc 
124 VI 
40 


Power Dissipation and Thermal Characteristics 
Plastic Package 
TA: 
+250C 
Po 
Internally 
Limited 
Watts 
Derate above TA "" +25°C 
1/0JA 
15.4 
mW/oC 
Thermal Resistance. JuncttOn to Air 
°JA 
65 
°CIW 


TC" 
+250C 
Po 
Internally Limited 
Watts 


Derate above TC ", +950C (See Figure 1) 
1/0 JC 
200 
mWf'c 


Thermal Resistance. Junction to Case 
°JC 
50 
°CIW 


Metal Package 
TA 
= +250C 
Po 
Internally Limited 
Watts 
Derate above TA '" +250c 
riOJA 
22.5 
mWf'C 
Thermal Resistance. Junction to Air 
°JA 
45 
°CIW 


TC = +250C 
Po 
Internally 
Limited 
Watts 
Derate above TC '" +650C (See Figure 2) 
1/0 JC 
182 
mW/oC 
Thermal Resistance. Junction to Case 
0JC 
5.5 
°CIW 


Storage Junction Temperature Range 
Tstg 
-65 
,o+150 
°c 


Operating Junction Temperature Range 
MC78oo. 
A 
TJ 
-55'0+150 
°c 


MC78ooC. 
AC 
Oto+150 


Line Regulation 
- 
The chan')e In output 
voltage for a change In 


the input voltage. 
The measurement 
IS made under conditions of 
low dissipatIon or by uSing pulse techniques such that the average 
chip temperature is not signifIcantly 
affected. 
Output 
NOise Voltage .- The rms ac voltage at the output, 
with 
constant 
load and no Input ripple. measured over a specified fre- 


quency range. 


Long Term Stability 
Output 
voltage stabilIty 
under accelerated 


life 
test conditions 
with 
the maximum 
rated voltage listed In the 


devices' electflcal characteflstlcs and maximum power dissipation 


on . 
. 0: 
m 
J' 
low to 
hiOh 
ot. 
un ess 0 
erwl5e 
no e 


MC7805 
MC7805C 
Charaet.,istte 
Symbol 
Unit 
Min 
Ty. 
Mo. 
Min 
Ty. 
Max 


OutPut 
Voltage 
(T J 
IE +2SoC) 
Vo 
4.8 
5.0 
5.2 
4.8 
5.0 
5.2 
Vdc 


Output 
Voltage 
Vo 
Vdc 
15.0 mA" 
'0 <; 1.0 A. PO" 
15W) 
7.0 Vdc 
C; Vin 
<; 20 Vdc 
- 
- 
- 
4.75 
5.0 
5.25 


8.0 Vdc <: Vin 
" 
20 Vdc 
4.65 
5.0 
5.35 
- 
- 
- 


Line Regulation 
ITJ 
.= +2SoC. Note 21 
Regin 
mV 


7.0 Vdc 
'" Vin 
" 
25 Vdc 
- 
2.0 
50 
- 
7.0 
100 


8.0 Vdc 
" 
Vin 
'" 
12 Vdc 
- 
1.0 
25 
- 
2.0 
50 


Load RegulatIon 
{T J •• +2SoC, 
Note 
21 
Regload 
mV 


5.0 mA < '0" 
1.5 A 
- 
25 
100 
- 
40 
100 


250 mA 
" '0" 750 mA 
- 
8.0 
25 
- 
15 
50 


Quiescent 
Current 
ITJ •• +2SoCI 
'8 
- 
3.2 
6.0 
- 
4.3 
8.0 
mA 


Ou"scent 
Current 
Change 
6'8 
mA 


7.0 Vdc" 
Vin 
'" 25 Vdc 
- 
- 
- 
- 
- 
1.3 


8.0 Vdc 
" 
Vin 
" 
25 Vdc 
- 
0.3 
0.8 
- 
- 
- 


5.0 mA 
CO; 10" 
1.0 A 
- 
0.04 
0.5 
- 
- 
0.5 


Ripple 
Rejection 
RR 
68 
75 
- 
- 
68 
- 
d8 
8.0 Vdc" 
Vin 
" 
18 Vdc. 
f::ll 
120 Hz 


Dropout 
VOltlfge 
{lO" 
'.0 A. T J" 
+2SoCI 
V1n 
-VO 
- 
2.0 
2.5 
- 
2.0 
- 
Vdc 


Output 
Noise Voltage 
{T A • +2SoCI 
Vn 
10 
40 
10 
JJVIVO 
10 Hz" 
f" 
100 kHz 
Output 
Resistance 
f • 1.0 kHz 
RO 
- 
17 
- 
- 
17 
- 
mn 


Short-Circuit 
Current 
Limit 
IT A -=+2SoCI 
',c 
- 
0.2 
1.2 
- 
0.2 
- 
A 
Vin 
•• 35 Vdc 


Peak Output 
Current 
(T J •• +2SoCI 
Imax 
1.3 
2.5 
3.3 
2.2 
A 


Average 
Temperatur~ 
Coefficient 
of 
TCVO 
- 
'0.6 
- 
- 
-1.1 
- 
mV;oC 


Output 
Voltage 


MC7805A 
MC7805AC 
Ch.ract.ristics 
Svmbol 
Unit 
Min 
TVp 
Ma. 
Min 
Typ 
Max 


Output 
Voltage 
IT J • +2SoC) 
Vo 
4.9 
5.0 
5.1 
4.9 
5.0 
5.1 
Vdc 


Output 
Volt.ge 
Vo 
4.8 
5.0 
5.2 
4.8 
5.0 
5.2 
Vdc 


15.0 mA 
<.: 10 <.: 1.0 A. Po <.: 15 WI 


7.5 Vdc 
<.: Vin 
<.: 20 Vdc 


Line 
Regulation 
(Note 
21 
Re9in 
mV 


7.5 Vdc 
<.: Vm " 
25 Vdc. 
10 '"' 500 mA 
- 
2.0 
10 
- 
7.0 
50 


8.0 Vdc 
<.: Vm" 
12 Vdc 
- 
3.0 
10 
- 
10 
50 


8.0 Vdc" 
Vln 
" 
12 Vdc. 
TJ'= +250C 
- 
1.0 
4.0 
- 
2.0 
25 


7.3 Vdc 
<.: Vln 
<.: 20 Vdc. 
T J'= +250C 
- 
2.0 
10 
- 
7.0 
50 


Load 
Regulation 
(Note 
21 
Regload 
mV 


S.OmA" 
10"" 
1.5 A 
- 
25 
50 
- 
- 
- 


5.0 mA 
" 
10" 
1.0 A 
- 
- 
- 
- 
25 
100 


5.0 mA 
to;; 10" 
1.5 A. TJ .= +2SoC 
- 
- 
- 
- 
25 
100 


250 mA 
" 
10 <.: 750 mA 
- 
8.0 
25 
- 
8.0 
50 


.Quiescent 
Current 
'8 
mA 


TJ • + 25°C 
- 
- 
5.0 
- 
- 
6.0 
- 
3.2 
40 
- 
4.3 
6.0 


Quiescent 
Current 
Change 
"'8 
mA 


8.0 Vdc 
<.: Vm 
<. 25 Vdc. 
10 "" 500 mA 
- 
0.3 
0.5 
- 
- 
0.8 


7.5 Vdc 
<.: Vm" 
20 Vdc. 
TJ "" +2SoC 
- 
0.2 
0.5 
_. 
- 
0.8 


5.0 mA 
" 
10 <.: 1.0 A 
- 
0.04 
0.2 
- 
- 
0.5 


A Ipple Rejection 
RR 
d8 


8.0 T~d~ ~~&c 
<.: 18 Vdc:. I"" 
120 Hz. 
68 
75 
- 
- 
- 
- 


8.0 Vdc 
<.: Vm 
to;; 18 Vdc. 
I ~ 120 Hz. 


10'= 
500 mA 
68 
75 
- 
- 
68 
- 


Oropout 
Voltage 
(10 ~ 1.0 A. T J .= +250CI 
Vin-VO 
- 
2.0 
2.5 
- 
2.0 
- 
Vdc 


OutPut 
Noi5e Voltage 
IT A:' 
+2SoCI 
Vn 
- 
10 
40 
- 
10 
- 
IJV/VO 


10 Hz <.: I <.: 100 kHz 


Output 
Remtance 
If 
:c 1.0 k..Hz) 
RO 
- 
17 
- 
- 
17 
- 
mn 


Short-Circuit 
Current 
Limit 
IT A "" +2SoCI 
"0 
- 
0.2 
1.2 
- 
0.2 
- 
A 
Vin 
"" 35 Vdc 


Peak O"'tPut 
Current 
IT J 
+250CI 
'max 
1.3 
2.5 
3.3 
- 
2.2 
- 
A 


Aver. 
Temperature 
CoeffiCient 
01 Output 
Voltage 
TCVO 
- 
'0.6 
- 
- 
-1.1 
- 
mV/oC 


Notes: 
1. Tlow" 
-550C 
lor 
MC78XX. 
A 


•• OOC lor 
MC78XXC. 
AC 


Thigh"" 
+lSOoC 
for 
MC18XX. 
A 


•• +12SoC 
lor MC78XXC. 
AC 


2. 
La«:t and line regulation 
are specllu~d at conuant 
Junction 
temperature. 
Changes m Vo 
due to heating 
eHecn 
must 
be taken 


into 
account 
separately. 
Puhe teUln9 
with 
low duty 
cycle 
is used. 


MC7806. 
C 
ELECTRICAL 
CHARACTERISTICS 
(V1n ~ 11 V, 10 '" 500 mA, TJ = Tlow 
to Thigh (Note 11 unless otherwise 
noted.) 


MC7806 
MC7806C 
Ch.racteristic 
Svmbol 
Unit 


Min 
Tvp 
M•• 
Min 
TVp 
Mo. 


Output 
Voltage 
(T J '" +250C) 
Vo 
5.75 
6.0 
6.25 
5.75 
6.0 
625 
Vde 


Output 
Voltage 
Vo 
Vde 


(5.0 
mA 
" 
10 '" 
1.0 A, Po 
0;;; 15W) 
8.0 Vdc 
" 
Vin 
••• 21 Vdc 
- 
- 
- 
57 
6.0 
6.3 


9.0 Vdc 
" 
Vin 
" 
21 Vdc 
5.65 
6.0 
6.35 
- 
- 
- 


Line 
Regulation 
(T J = '+2SoC, 
Note 
2) 
Regm 
mV 


8.0 
Vdc 
" 
V1n " 
25 Vdc 
- 
3.0 
60 
- 
9.0 
120 


9.0 Vdc" 
V1n" 
13 Vdc 
- 
2.0 
30 
- 
3.0 
60 


load 
Regulation 
(T J '" +250C. 
Note 2) 
Regload 
mV 
5.0 mA '" 10" 
1.5 A 
- 
27 
100 
- 
43 
120 
250 mA " 
10 " 
750 mA 
- 
9.0 
30 
- 
16 
60 


Quiescent 
Current 
(T J = -t2SoCl 
IB 
- 
3.2 
6.0 
- 
4.3 
8.0 
mA 


Quiescent 
Current 
Change 
618 
mA 


8.0 
Vdc 
0;;; Vin 
25 Vdc 
- 
- 
- 
- 
- 
1.3 


9.0 Vdc " 
vin 
25 Vdc 
- 
0.3 
0.8 
- 
- 
- 


5.0 mA " 
10 " 
'.0 
A 
- 
0.04 
0.5 
- 
- 
0.5 


Ripple Rejection 
RR 
d8 


9.0 Vdc';; Vin" 
19 Vdc, 
f = 120 Hz 
65 
73 
- 
- 
65 
- 


DropautVoltage 
(10 '" 1.0A, 
TJ'" 
+250C) 
Vin'VO 
- 
2.0 
2.5 
- 
2.0 
- 
Vde 


Output 
Noise Voltage 
(T A'" 
+250C) 
Vn 
- 
10 
40 
- 
10 
- 
JJVIVO 
to Hz" 
f ••• 100 kHz 


Output 
Resistance 
(1 '" 1.0 kHzl 
RO 
- 
17 
-- 
- 
17 
- 
mn 


Short-Circuit 
Current 
Limit 
(T A'" 
+250Cl 
I,e 
0.2 
1.2 
- 
02 
- 
A 


Vin 
'" 35 Vdc 
- 


Peak Output 
Current 
(T J '" +250Cl 
Imax 
1.3 
25 
33 
2.2 
A 


Average 
Temperature 
Coefficient 
01 Output 
Voltage 
TCVO 
- 
!0.7 
- 
- 
0.8 
- 
mV/oC 
- 


MC7806A. 
AC 


ELECTRICAL 
CHARACTERISTICS 
(Vin'" 
11 V, 10'" 
1.0 A. T J '" Tlow 
10 Thigh 
(Note 
1) unless otherwise 
noted.) 


MC7806A 
MC7806AC 


Characteristic 
Symbol 
Unit 


Min 
TVp 
M•• 
Miri 
TVp 
M•• 


Output 
Voltage nJ '" +2SoCI 
Vo 
5.88 
6.0 
612 
5.88 
6.0 
6.12 
Vde 
- 


Vde 
Output 
Voltage 
Vo 


(5.0 
mA 
0;;; 10'; 
1.0 A, Po 0;;; lSW) 
5.76 
60 
6.24 
5.76 
60 
6.24 


B.6 
Vdc 
'" Vrn '" 21 Vdc 


Line 
Regulation 
(Note 
2) 
Regin 
mV 
8.6 Vdc 
~ Vin 
.; 25 Vdc, 10 = 500 mA 
- 
3.0 
11 
- 
9.0 
60 
9.0 Vdc 
~ Vin 
.; 
13 Vdc 
- 
5.0 
15 
- 
11 
60 
g,O Vdc" 
Vin" 
13 Vdc, 
TJ '" +250C 
- 
2.0 
5.0 
- 
30 
30 
8.3 Vdc 
" 
Vin 
0;; 21 Vd~, T J '" +250C 
- 
4.0 
11 
- 
9.0 
60 


Load Regulation 
(Note 
2i 
Regload 
mV 
5,0 mA 
'" 
10';;; 
1.5A 
- 
27 
50 
- 
- 
.- 


5.0 mA 
" 1001;1.0 A 
- 
- 
- 
- 
43 
100 
5,0 mA 
0;;; 100;; 
1.5 A, TJ '" +250C 
- 
- 
- 
- 
43 
100 
250 mA 
.; '0 0;; 750 mA 
- 
9.0 
25 
- 
16 
50 


Quiescent 
Current 
18 
mA 


TJ= 
+250C 
- 
- 
5.0 
- 
- 
6.0 
- 
3.2 
4.0 
-- 
4.3 
6.0 


Quiescent 
Current 
Change 
618 
mA 
9.0 Vdc 
to: Vin 
.(; 25 Vdc, 
10'" 
500 mA 
- 
03 
0.5 
- 
- 
0.8 
8.6 Vdc 
to: V1n " 
21 VdC, TJ = +250C 
- 
0.2 
0.5 
- 
-- 
0.8 
5.0 mA 
to: 10" 
1.0 A 
- 
0.04 
0.2 
- 
- 
0.5 


Ripple 
Rejection 
RR 
d8 
9.0 Vdc 
" 
Vin 
" 
19 Vdc, 
1'" 120 Hz, 


T J '" +250C 
65 
73 
- 
- 
- 
- 
9.0 Vdc 
0;; Vin < 19 Vdc, 
1 '" 120 Hz, 
10" 500 mA 
65 
73 
- 
- 
65 
- 


Dropout 
Voltage 
(10 - 
1.0 A, T J = +25uCI 
Vin-VO 
- 
2.0 
25 
- 
2.0 
- 
Vde 


Output 
Noise Voltage 
(T A - +250C) 
Vn 
10 
40 
10 


~V/VO 
10 Hz to: fe;;; 100kHz 
- 
- 
- 


Output 
Resistance 
(f '" 1.0 kHz) 
RO 
- 
17 
- 
- 
17 
- 
mn 


Short-Circuit 
Current 
Limit 
(T A 
+250C) 
I,e 
A 
Vin 
'" 35 Vdc 
- 
0.2 
1.2 
- 
0.2 
- 


Peak OutPUt 
Current nJ •• +250C) 
Imax 
1.3 
2.5 
3.3 
2.2 
A 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVO 
to.7 
-0_8 
mV/oC 


Notes: 
1, 
Tlow" 
-55°C 
for MC78XX, 
A 


c DoC for MC78XXC, 
AC 


Thigh 
= +150oC 
for 
MC78XX. 
A 


= +1250C 
for MC78XXC, 
AC 


1Vin -14 
V,IO - 500 mA, 
J - Tlow to Thigh 
Note 1 unle" otherwise noted. 


MC7808 
MC7808C 
Cherecteriltte 
Symbol 
Unit 
Min 
Typ 
Max 
Min 
Typ 
Ma. 


Output 
Voltage ITJ • +2Soc) 
Va 
7.7 
8.0 
8.3 
7.7 
8.0 
8.3 
Vdc 


Output 
Voltage 
Va 
Vde 
(5.0 mA •• 10" 
1.0 A. PO" 
15WI 


10.5 Vdc" 
Vin " 23 Vdc 
- 
- 
- 
7.6 
8.0 
8.4 
11.5 Vdc" 
Vin" 
23 Vdc 
7.6 
8.0 
8.4 
- 
- 
- 
Line Regulation 
ITJ • +~50C, Note 2) 
Regin 
mV 
10.5 Vdc" 
Vin " 25 Vdc 
- 
3.0 
80 
- 
12 
160 
11 Vdc " Vin " 17 Vdc 
- 
2.0 
40 
- 
5.0 
80 


load Regulation (TJ - +250C, Note 21 
Regload 
mV 
S.OmA" 
10" 
1.5 A 
- 
28 
100 
- 
45 
180 
250 mA " 10 " 750 mA 
- 
9.0 
40 
- 
16 
80 


Quiescent Current (TJ" +250CI 
IB 
3.2 
6.0 
4.3 
B.O 
mA 


Quiescent Current Change 
AIB 
mA 
10.5 Vdc" 
Vin 25 Vdc 
- 
- 
- 
- 
- 
1.0 
11.5 Vdc " Vin 25 Vdc 
- 
0.3 
O.B 
- 
- 
- 


5.0 mA " 10" 
1.0 A 
- 
0.04 
0.5 
- 
- 
0.5 


Ripple Rejection 
AA 
dB 
11.5 Vdc" 
Vin" 
21.5 Vdc. f ••.120 Hz 
62 
70 
- 
- 
62 
- 


Dropout Voltage 110 
1.0 A. TJ ••.+250C) 
Vin-Va 
2.0 
2.5 
2.0 
Vdc 


Output Noise Voltage ITA'" +25OC) 
Vn 
- 
10 
40 
- 
10 
- 
jJ.V/VO 
10 Hz" 
f " 100 kHz 


Output Resistance If :. 1.0 kHz) 
AO 
- 
lB 
- 
- 
lB 
- 
mn 


Short-Circuit Current limit 
ITA- 
+250C) 
I,e 
0.2 
1.2 
- 
0.2 
- 
A 
Vin" 
35 Vdc 
- 


Peak Output Current (TJ ,. +250CI 
Imax 
1.3 
2.5 
3.3 
- 
2.2 
- 
A 


Average Temperature 
Coefficient of Output 
Voltage 
TCVO 
1:1.0 
-O.B 
mV/oC 


MC7808A 
MC7808AC 
CharK1:.rinic 
Symbol 
Unit 
Min 
Typ 
M•• 
Min 
Typ 
Ma. 


Output Voltage (TJ" +25UC) 
Va 
7.84 
B.O 
B.16 
7.B4 
8.0 
8.16 
Vde 


Output Voltage 
Va 
Vde 
15.0 mA "" 10" 
1.0 A. Po "" 15W} 
7.7 
8.0 
8.3 
7.7 
8.0 
8.3 
10.6 Vctc '" Vin "" 23 Vdc 
line Regulation {Note 21 
Regin 
mV 


10.6 Vdc" 
Vin " 25 Vdc, 10 = 500 mA 
- 
4.0 
13 
- 
12 
80 
11 Vdc" 
Vin '" 17 Vdc 
- 
6.0 
20 
- 
15 
80 
11 Vdc" 
Vin" 
17 Vdc. TJ - +2SoC 
- 
2.0 
6.0 
- 
5.0 
40 
10.4 Vdc" 
Vin " 23 Vdc, TJ = +250C 
- 
4.0 
13 
- 
12 
80 


Load Regulation (Note 21 
Regload 
mV 


5.0 mA" 
10" 
1.5A 
- 
28 
50 
- 
- 
- 


5.0 mA " 10" 
1.0 A 
- 
- 
- 
- 
45 
100 
5.0 mA " la " 1.5 A. TJ • +250C 
- 
- 
- 
- 
45 
100 


250 mA " la"" 
750 mA 
- 
9.0 
25 
- 
16 
50 


Quiescent Current 
18 
mA 


TJ" 
+250C 
- 
- 
5.0 
- 
- 
6.0 
- 
3.2 
4.0 
- 
4.3 
6.0 
Quiescent Current Change 
AI8 
mA 


11 Vdc "" V,"" 
25 Vdc, 10 '"'500 mA 
- 
0.3 
0.5 
- 
- 
0.8 


10.6 Vdc " Vin " 23 Vdc. TJ = +2SoC 
- 
0.2 
0.5 
- 
- 
0.8 


5.0mA" 
10" 
1.0 A 
- 
0.04 
0.2 
- 
- 
0.5 
Ripple Rejection 
AA 
dB 


11.5 Vdc" 
Vin" 
21.5 Vdc. f ..• 120 Hz. 


TJ" 
+250C 
62 
70 
- 
- 
- 
- 
11.5 Vdc '" Vin" 
21 5 Vdc. f = 120 Hz, 


la" 
500 mA 
62 
70 
- 
- 
62 
- 


Dropout Voltage (10 •• 1.0 A, TJ '" +25vCI 
Vin-VO 
2.0 
2.5 
2.0 
Vdc 


Output 
NOise Voltage ITA" +2SoCI 
Vn 
#lV/VO 


10Hz"!" 
100kHz 
- 
10 
40 
- 
10 
- 


Output 
Resistance (f '"'1.0 kHz) 
AO 
18 
18 
mn 
Shon,Clrcvit 
Current LitT'tit(TA" 
+25UC) 
's<: 
- 
0.2 
1.2 
- 
0.2 
- 
A 
Vln ""35 Vdc: 


Peak Output Current ITJ • +2SoCI 
Imax 
1.3 
2.5 
3.3 
2.2 
A 


Average Temperature 
Coefficient of Output 
Voltage 
TCVO 
- 
11.0 
- 
- 
-0.8 
- 
mV/oC 


Note,: 1. Tlow" 
-55°C 
for MC78XX. A 


'" OOCfor MC78XXC, AC 


Thigh" 
+1500C for MC7eXX. A 


'" +1250C for MC78XXC, AC 


2. 
load and line regulatIon are specified at constant Junction temperature. 
Changes in Va due to heating effects must be taken 
mto account separately. Pulse testing with low duty cycle is used. 


MC7812. C 
ELECTRICAL 
CHARACTERISTICS 
(Vin" 
19 V. 10 
3" 500 mA, TJ 
II< Tic .••••to Thigh (Note 1) unless otherwise noted.) 


MC7812 
MC7812C 
Characteristic 
Symbol 
Unit 
Min 
TV. 
M•• 
Min 
TV. 
Mo. 


OutPut Voltage ITJ 
II< +2SoC) 
Va 
11.5 
12 
12.5 
11.5 
12 
12.5 
Vdc 


Output Voltage 
Va 
Vdc 
15.0mAci; 
10" 
t.OA,PatiO: 
15W) 
14.5 Vdc" Vin" 
27 Vdc 
- 
- 
- 
11.4 
12 
12.6 
15.5 Vdc 
.;; Vin" 
27 Vdc 
11.4 
12 
12.6 
- 
- 
- 
Line Regulation 
ITJ • +2SoC. Note 2) 
Aegin 
mV 


14.5 Vdc 
" 
Vi" 
" 
30 Vdc 
- 
5.0 
120 
- 
13 
240 


16 Vdc 
.;; Vin 
" 
22 Vdc 
- 
3.0 
60 
- 
6.0 
120 


Load 
Regulation 
IT J '"' +2SoC, 
Note 
2) 
Re910ad 
mV 
5.0 mA " 10" 
1.5 A 
- 
30 
120 
- 
46 
240 
250 mA " '0 " 750 mA 
- 
10 
60 
- 
17 
120 


Quiescent 
Current 
IT J •• +2SoCI 
'B 
- 
3.4 
6.0 
- 
4.4 
B.O 
mA 


Quiescent 
Current 
Change 
~IB 
mA 


14.5 
Vd<: " 
Vin 
" 
30 Vdc 
- 
- 
- 
- 
- 
1.0 
15 Vdc" 
Vin " 30 Vdc 
- 
0.3 
O.B 
- 
- 
- 


5.0mA< 
10" 
t.OA 
- 
0.04 
0.5 
- 
- 
0.5 


Ripple 
Rejection 
RR 
61 
6B 
- 
- 
60 
- 
dB 


15 Vdc" 
Vin" 
25 Vdc. 
f '" 120 Hz 


Dropout 
Voltage 
flO 
: 
1.0 A. T J '" +2SoCI 
Vin'VO 
2.0 
2.5 
2.0 
Vdc 


Output 
Noise 
Voltage 
IT A - +250C) 
Vn 
- 
10 
40 
- 
10 
- 
#lV/VO 
10 Hz" 
f" 
100 kHz 


Output 
Resistance 
If '" 1.0 kHz} 
Ra 
- 
lB 
- 
- 
lB 
- 
mil 


Short-Circuit 
Current 
Limit 
IT A " +250Cl 
I,c 
- 
0.2 
1.2 
- 
0.2 
- 
A 


Vin" 
35 Vdc 


Peak Output 
Currel"'lt 
IT J '" +250Cl 
tmax 
1.3 
2.5 
3.3 
- 
2.2 
- 
A 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVa 
- 
, 1.5 
- 
- 
-1.0 
- 
mV/oC 


MC7812A. AC 
ELECTRICAL 
CHARACTERISTICS 
(V in '" 19 V, 10 '" 1.0 A, T J '" Tlow 
to Thigh 
(Note 
1) unless otherwise 
noted.l 


MC7B12A 
MC7B12AC 
Characteristic 
Symbol 
Unit 
Min 
TV. 
M•• 
Min 
TV. 
M•• 


Output 
Voltage 
IT J "" +2SoCl 
Va 
11.75 
12 
12.25 
11.75 
12 
12.25 
Vdc 


Output 
Voltage 
Va 
Vdc 
15.0 mA <; 10" 
1.0 A, Po 
110; 1SW) 
11.5 
12 
12.5 
11.5 
12 
12.5 
14.8 Vdc 
110; VIn" 
27 Vdc 


line 
Regulation 
Regin 
mV 


14.8 Vdc 
110; Vin 
110; 30 Vdc. 
10 '" 500 mA 
- 
5.0 
lB 
- 
13 
120 


16 Vdc 
110; Vin 
110; 22 Vdc 
- 
B.O 
30 
- 
16 
120 
16 Vdc" 
Vin 
110; 22 Vdc, 
TJ '"' -t250C 
- 
3.0 
9.0 
- 
6.0 
60 
14.5 Vdc 
110; Vin" 
27 Vdc, 
T J" 
+2SoC 
- 
5.0 
18 
- 
13 
120 


load 
Regulation 
(Note 
21 
Regload 
mV 


5.0mA 
110; 10" 
1.5A 
- 
30 
50 
- 
- 
- 


5.0 mA 
" 
10" 
1.0 A 
- 
- 
- 
- 
46 
100 


5.0 mA" 
10" 
1.5 A, TJ '" +2SoC 
- 
- 
- 
- 
46 
100 


250 mA 
" 
10 " 
750 mA 
- 
10 
25 
- 
17 
50 


Quiescent 
Current 
\8 
mA 


T J" 
+250C 
- 
- 
5.0 
- 
- 
6.0 
- 
3.4 
4.0 
- 
4.4 
6.0 


Ouiescent 
Current 
Change 
61B 
mA 
15 Vdc" 
Vin" 
30 Vdc. 
10 '" 500 mA 
- 
0.3 
0.5 
- 
- 
O.B 


14.8 Vdc 
" 
Vin" 
27 Vdc, 
T J '" +2SoC 
- 
0.2 
0.5 
- 
- 
0.8 


5.0mA" 
10" 
1.0 A 
- 
0.04 
0.2 
- 
_. 
0.5 


Ripple 
Rejection 
RA 
dB 
15 Vdc 
<; 
Vin" 
25 Vdc, 
f '" 120 Hz, 


TJ'" 
+2SoC 
61 
6B 
- 
- 
- 
- 


15 Vdc 
<;; Vin 
<; 25 Vdc, 
f '"' 120 Hz, 
10'" 
500 mA 
61 
6B 
- 
- 
60 
- 


Dropout 
Voltage 
00 
LOA, 
TJ 
+25UC) 
V.n-VO 
.- 
2.0 
2.5 
- 
2.0 
- 
Vdc 


Output 
Noise Voltage 
(T A" 
+2SoCl 
Vn 
- 
10 
40 
- 
10 
- 
1JV/VO 
10H:z<f< 
100kHz 


~tPut 
Remtal"'lce 
(f '" 1.0 kHz) 
Ra 
lB 
1B 
mil 


Short-Circuit 
Current 
Limit nA - +250C) 
I,c 
0.2 
1.2 
A 
Vin:>- 35 Vdc 
- 
- 
0.2 
- 


Peak Output 
Current 
IT J - +250CI 
Ima)l( 
1.3 
2.5 
3.3 
- 
22 
- 
A 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVa 
'1.5 
-1.0 
mV/oC 
-- 


Notes: 
1. 
Tlow'" 
-55°C 
for 
MC78XX, 
A 


'" COC for 
MC78XXC, 
AC 


Thigh'" 
+1500C 
for 
MC78XX, 
A 
'" +12SoC 
for 
MC78XXC, 
AC 


MC1815 
MC1815C 
Characl.ri,ttc 
Symbol 
Unit 


Min 
TVp 
M•• 
Min 
TVp 
M•• 


Output 
Voltage 
ITJ '" +2SoCI 
Va 
14.4 
15 
15.6 
14.4 
15 
15.6 
Vdc 


Output 
Voltage 
Va 
Vdc 


(5.0 
mA 
" 
10" 
1.0 A, Po <: 15W) 


17.5 Vdc" 
Vm" 
30 Vdc 
- 
- 
- 
14.25 
15 
15.75 


18.5 
Vdc" 
V1n" 
30 VrJc 
14.25 
15 
15.15 
- 
- 
- 


Line 
Regulation 
IT J •• +2SoC. 
Note 
21 
Regm 
mV 


17.5 Vdc" 
Vin " 
30 Vdc 
- 
6.0 
150 
- 
13 
300 


20Vdc"Vln" 
26Vdc 
- 
3.0 
15 
- 
6.0 
150 


Load 
Regulation 
IT J '" 4-2SoC, 
Note 
21 
Re910ad 
mV 


5.0 mA 
" 
r0 " 
1.5 A 
- 
32 
150 
- 
52 
300 


250 
mA 
" 
10 <: 750 mA 
- 
10 
75 
- 
20 
150 


QUiescent 
Current 
IT J - +2SoCI 
18 
- 
3.4 
6.0 
- 
4.4 
8.0 
mA 


QUiescent 
Current 
Change 
OIB 
mA 


17.5 Vdc" 
Vin" 
30 Vdc 
- 
- 
- 
- 
- 
1.0 
18.5Vdc"Vln" 
30Vdc 
- 
0.3 
0.8 
- 
- 
- 


5.0mA" '0" 1.0A 
- 
0.04 
0.5 
- 
- 
0.5 


A Ipple 
Rejection 
RR 
58 
dB 
18.5 Vdc" 
Vin" 
28.5 Vdc. f 
= 120 Hz 
60 
66 
- 
- 
- 


Dropout 
Voltage 
(10 •• 1.0 A. T J •• +2SoCI 
VIO-VO 
- 
2.0 
2.5 
- 
2.0 
- 
Vdc 


Output 
Noise 
Voltage 
IT A - +2SoCI 
Vn 
- 
10 
40 
- 
10 
- 
/,lV/VO 


10 Hz " f" 
100 kHz 


Output 
ReSistance 
(f •• 1.0 
kHz) 
RO 
- 
19 
- 
- 
19 
- 
mIl 


Short-Circuit 
Current 
Limit 
IT A 
C 
+25OC) 
Isc 
A 


VIO'"35Vdc 
- 
0.2 
1.2 
- 
0.2 
- 


Peak Output 
Current 
IT J "" +250CI 
Imall: 
1.3 
2.5 
3.3 
2.2 
A 


Average 
Temperature 
CoefficIent 
of Output 
Voltage 
TCVO 
- 
, 1.8 
- 
- 
-1.0 
- 
mVJoC 


MC7815A.AC 


ELECTRICAL 
CHARACTERISTICS 
(Vln'" 
23 V, '0 
'" 1 0 A, T J '" Tlow 
to Thigh 
INote 
11 unless otherwise 
noted.) 


MC1815A 
MC1S15AC 
Ch~r.ct.ristic 
Symbol 
Unit 
Mon 
TVp 
M•• 
Min 
TVp 
M•• 


Output 
Voltage 
(T J • +250CI 
Va 
14.7 
15 
15.3 
14.7 
15 
'5.3 
Vdc 


Output 
Voltage 
Va 
Vdc 
(5.0 
mA 
'llO; 
10 
'llO; 
1.0 A, Po " 
15W) 
14.4 
15 
156 
14.4 
'5 
15.6 


17.9 Vdc" 
Vin 
Ii;; 30 Vdc 


L,ne Regulation 
INote 
2) 
Aegm 
13 
150 
mV 


17.9 Vdc 
'" Vin 
Ii;; 30 Vdc, 
10'" 
500 mA 
- 
6.0 
22 
- 
16 
150 
20 Vdc 
0;;; Vln 
0;;; 26 Vdc 
- 
9.0 
30 
- 
20 Vdc 
" 
Vin 
Ii;; 26 Vdc, 
T J '" +250C 
- 
3.0 
10 
- 
6.0 
15 


'7.5 
Vdc 
'"' VIO 
•••.30 Vdc, 
T J '" +250C 
- 
6.0 
22 
- 
13 
150 


Load 
Regulation 
(Note 
.2) 
Ae910ad 
mV 
5.0 mA 
" 
10" 
1.5A 
- 
32 
50 
- 
- 
- 


5.0 mA 
" 
10 
0;;; 10 
A 
- 
- 
- 
- 
52 
100 


5.0 mA 
" 
10';;; 
1.5 A, T J '" +250C 
- 
- 
- 
- 
52 
100 


250 mA 
" 
10 " 
750 mA 
- 
10 
25 
- 
20 
50 


\...•.llt=scent Current 
IB 
mA 


TJ'" 
+250C 
- 
- 
5.5 
- 
- 
6.0 
- 
3.4 
4.5 
- 
4.4 
60 


QUIescent 
Current 
Change 
'IB 
- 
mA 
17.5 
Vdc 
" 
Vin 
<; 30 
Vdc. 
10 •• 500 
mA 
- 
0.3 
05 
- 
- 
0.8 


17.5 
Vdc 
<; Vin 
<; 30 Vdc. 
TJ - 
+250C 
- 
0.2 
0.5 
- 
- 
0.8 
5.0 mA 
" 
10" 
1.0 A 
- 
0.04 
0.2 
- 
- 
0.5 


RIpple 
Rejection 
RR 
dB 
18.5 
Vdc 
<; Vin < 28.5 
Vdc. 
f - 
120 
Hz. 
TJ'" 
-t250C 
60 
66 
- 
- 
- 
- 


185 
Vdc" 
"In"; 
28.5 Vdc,l 
'" 120 Hz, 
10 ~ 500 mA 
60 
66 
- 
- 
58 
- 


Dropout 
Voltage 
110 '" 1.0 A, T J '" -t25OCI 
Vln·VO 
2.0 
25 
2.0 
Vdc 


Output 
NOIse Voltage 
IT A '"' -t250CI 
Vn· 
- 
10 
40 
- 
10 
- 


~VIVO 
10 Hz 
0;;; I .,; 100 kHz 


Output 
ReSistance 
If '" 1.0 kHz) 
~O 
- 
19 
- 
- 
19 
- 
ml1 


Short-CircuIt 
CUI rent 
LimIt 
IT A ~ +2SoCl 
'sc 
- 
0.2 
1.2 
- 
0.2 
- 
A 


Vln 
'" 35 Vdc 


Peak Output 
Current 
IT J '" +25uCl 
Imall 
1.3 
2.5 
3.3 
- 
2.2 
- 
A 


Aver~e 
Temperature 
CoeffiCient 
of Output 
Voltage 
TCVa 
" .8 
- 
-I a 
- 
mVloC 


Notes·1. 
T1ow'" 
-55°C 
lor 
MC78XX, 
A 


""'"COC for 
MC78XXC, 
AC 


Thigh'" 
+150oC 
for 
MC78XX, 
A 


'" -t1250C 
for 
MC78XXC, 
AC 


2. 
Load and IlOe regulation 
are speCified 
at conuant 
Junction 
temperature. 
Ch.nges 
in '10 
due to h•• lIng effects 
must 
be ".ken 
IntO account 
separ.tely 
Pulse testing 
With 
low duty 
cycle 
IS used. 


MC7818 
MC781SC 
Characteristtc 
Symbol 
UnIt 


Min 
Ty. 
M•• 
Mon 
Ty. 
M•• 


Output 
Voltage 
IT J '" +250CI 
Vo 
17.3 
IS 
IS 7 
17.3 
18 
18.7 
Vdc 


Output 
Voltage 
Vo 
Vdc 
15.0mA<; 
10" 
1.0A.PO~ 
15W) 


I 


21 Vdc 
iii; 
V-n 
C; 33 Vdc 
- 
- 
- 
171 
18 
189 


22 Vdc" 
V1n 
C; 33 Vdc 
17.1 
18 
189 
- 
- 
- 


LIne Regulation 
IT J '" +250C, 
Note 
21 
Reg,n 
mV 


21 Vdc 
C; Vln 
" 
33 Vdc 
- 
70 
ISO 
- 
25 
360 


24 Vdc 
" 
V1n " 
30 Vdc 
- 
4.0 
90 
- 
10 
180 


Load Regulation 
ITJ •• +25°C. 
Note 21 
Regload 
mV 


5.0 mA 
" 10" 1.5 A 
- 
35 
ISO 
-- 
55 
360 


250 mA 
C;; 10" 750 mA 
- 
12 
90 
- 
22 
ISO 


QUIescent 
Current 
(T J 
.r +2SoCI 
'S 
- 
3.5 
6.0 
- 
4.5 
8.0 
mA 


QUIescent 
Current 
Change 
,:'18 
mA 


21 
Vdc 
CO;VI" 
C;;33 
Vdc 
- 
- 
- 
- 
- 
1.0 


22 Vdc 
or;;;; 
V tn " 
33 Vdc 
- 
0.3 
O.S 
- 
- 
I 
5.0 mA 
" 
10 to; 1.0 A 
- 
0.04 
05 
- 
- 
05 


Ripple 
RejectIon 
RR 
65 


dB 
22 
Vdc:S;; 
Vtn 
C;; 32 
Vdc. 
I '" 120 
Hz 
59 
- 
- 
57 
- 


Dropout 
Voltage 
110 .;: '.0 
A, T J ;. +2SoCI 
V1n,VO 
- 
2.0 
2.5 
- 
20 
- 
Vdc 


Output 
NOise 
Voltage 
(T A'" 
+2SoCI 
Vn 
- 
10 
40 
- 
10 
- 
/J.V/VO 


10Hz" 
f" 
100kHz 


Output 
ReSistance 
(f :" 1.0 kHz) 
RO 
- 
19 
- 
- 
19 
- 
mll 


Short,Clrcuit 
Current 
Limit (T A '" +250CI 
I" 
- 
02 
1.2 
- 
0.2 
- 
A 


Vtn 
'" 35 
Vdc 


Peak Output 
Current 
(T J '" +2SoC) 
Ima.ll 
I 3 
2.5 
33 
- 
22 
- 
A 


Average 
Temperature 
CoeffICIent 
of Output 
Voltage 
TCVO 
- 
. 2.3 
-1.0 
mV/oC 


MC7818A. 
AC 
ELECTRICAL 
CHARACTERISTICS 
(Vm'" 
27 V. 10" 
1.0 A. TJ" 
Ttow 
to Thigh 
INote 
11 unless otherWIse 
noted.l 


MC7818A 
MC7818AC 
Characteristic 
Symbol 
Unit 


Min 
Ty. 
M•• 
Mon 
Ty. 
M•• 


Output 
Voltage 
IT J.2 
+250C) 
Vo 
17.64 
1S 
IS.36 
17.64 
18 
IS.36 
Vdc 


Output 
Voltage 
Vo 
Vdc 


(5.0 
mA 
<" 
10 
<" 1.0 A. Po 
< 
lSW) 
17.3 
IS 
18.7 
17.3 
IS 
18.7 
21 Vdc < Ven C;; 33 Vdc 


Lene RegulatIon 
(Note 
21 
Regln 
mV 


21 Vdc 
C;; Vln 
C;; 33 Vdc. 
10 = SOOmA 
- 
7.0 
31 
- 
25 
180 


24 Vdc 
C;; Ven C;; 30 Vdc 
- 
12 
45 
- 
2S 
ISO 


24 Vdc < Ven 
C;; 30 Vdc. 
TJ '" +2SoC 
- 
4.0 
15 
- 
10 
90 


20.6 
Vdc 
C;; Yen C;; 33 Vdc. 
TJ 
= +2SoC 
- 
7.0 
31 
- 
25 
ISO 


Load RegulatIon 
(Note 
2) 
Regload 
mV 


5.0 mA 
C;; 10 
C;; 1 SA 
- 
35 
50 
- 
- 
- 


5.0 mA 
C;; 10" 
1.0 A 
- 
- 
- 
- 
55 
100 


5.0 mA 
" 
10 
" 
1.5 A. T J '" +2SoC 
- 
- 
- 
- 
55 
100 


250 mA 
" 
to 
" 
750 mA 
- 
12 
25 
- 
22 
50 


QUiescent 
Current 
18 
mA 


TJ" 
+250C 
- 
- 
5.5 
- 
- 
6.0 
- 
3.4 
4.5 
- 
4.5 
6.0 


QUiescent 
Current 
Change 
61B 
mA 


21 Vdc 
" 
V1n " 
33 Vdc. 
10.2 
SOOmA 
- 
0.3 
0.5 
- 
- 
O.S 
21 Vdc" 
Vln 
<Ii; 33 Vdc. 
TJ" 
+2SoC 
- 
0.2 
0.5 
- 
- 
O.S 
5.0 mA 
" 
10 
" 
1.0 A 
- 
0.04 
0.2 
- 
- 
0.5 


A ipple 
RejectIon 
RR 
dB 


22T~d~ ~~OCC;; 
32 Vdc. 
f" 
120 Hz, 


59 
65 
- 
- 
- 
- 


22 Vdc 
" 
Vln 
" 
32 Vdc, 
f " 120 Hz, 


10" 
500 mA 
59 
65 
- 
- 
57 
- 


Dropout 
Voltage 
(10 
.2 1.0 A, T J - 
+2SuCI 
Vm-VO 
2.0 
2.5 
- 
2.0 
- 
Vdc 


Output 
Noise Voltage 
(T A" 
+25°CI 
Vn 
- 
10 
40 
- 
10 
- 
~VIVO 
10 Hz " 
f" 
100 kHz 


Output 
Resistance 
(f " 1.0 kHz) 
RO 
- 
19 
- 
- 
'9 
- 
mn 


Short-Circuit 
Current 
LImit 
IT A - +250C) 
I" 
- 
0.2 
1.2 
0.2 
A 
Vln" 
35 Vdc 
- 
- 


Peak OutPut 
Current 
(T J '" +25 
CI 
Imax 
1.3 
2.5 
3.3 
2.2 
A 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVO 
t2.3 
- 
- 
-1.0 
- 
mV/oC 


Notes: 
1. 
Tlow" 
_550C 
for 
MC78XX. 
A 


•• OOC 
for 
MC78XXC, 
AC 


Thigh" 
.1500C 
for 
MC78XX. 
A 


•• +12S0C 
for MC78XXC. 
AC 


2. 
La.d 
and line regulation 
are specified.t 
constant 
junction 
temperature. 
Changes in Vo 
due to huting 
effects 
must 
be taken 


into 
account 
~parately. 
Pulse testeng with 
low duty 
cycle 
is used. 


MC1824 
MC1824C 
Ch.r.eterirttc 
Symbol 
Unit 
Min 
Ty. 
Ma. 
Min 
Ty. 
Max 


Output 
Voltage 
IT j '"'+2SoCI 
Va 
23 
24 
25 
23 
24 
25 
Vdc 


Output 
Voltage 
Va 
Vdc 


15.OmA<; 
10" 
1.0A,PO" 
15W) 


27 Vdc 
" 
Vin 
" 
38 Vdc 
- 
_. 
22.8 
24 
25.2 


28 Vdc 
" 
Vin 
" 
38 Vdc 
22.8 
24 
25.2 
- 
- 
- 


LIne Regulation 
IT J '" +2SoC. 
Note 
2) 
Regin 
mV 


27 Vdc 
" 
Vin 
" 
38 Vdc 
- 
'0 
240 
- 
3' 
480 


30 Vdc 
" 
Vin 
" 
36 Vdc 
- 
5.0 
'20 
- 
'4 
240 


Load 
Regulation 
IT J - .2SoC, 
Note 
2) 
Aegtoad 
mV 


5.0 mA " 10" 1.5 A 
- 
40 
240 
- 
60 
480 


250 mA 
" 
10 " 
750 mA 
- 
15 
'20 
- 
25 
240· 


Quiescent 
Current 
IT J '"' .2SoC) 
'8 
- 
36 
6.0 
- 
4.6 
8.0 
mA 


Quiescent 
Current 
Change 
61e 
mA 


27 Vdc" 
Vin" 38 Vdc 
- 
_. 
- 
- 
- 
'.0 


28 Vdc 
" 
Vin 
" 
38 Vdc 
- 
0.3 
0.8 
- 
- 
- 


5.0 mA " '0" 
1.0 A 
- 
0.04 
0.5 
- 
- 
0.5 


Ripple 
Rejection 
AA 
62 
54 
de 


28 Vdc 
" 
Vin 
"38 
Vdc. 
f .•. 120 
Hz 
56 
- 
- 
- 


Dropout 
Voltage 
(10 - 
1.0 A. T J - 
+25 
Cl 
Vin'VO 
2.0 
2.5 
2.0 
Vdc 


OutPut 
Noise Voltage 
IT A 
r .2SoCl 
Vn 
- 
10 
40 
- 
'0 
- 
~VIVO 


10 Hz " f" 
100 
kHz 


Output 
Resistance 
If •• 1.0 kHz) 
Aa 
20 
20 
mn 


Short-Circuit 
Current 
Limit 
IT A 
K 
+2SoCI 
I" 
A 


Vin 
,.,35 Vdc 
- 
0.2 
1.2 
- 
0.2 
- 


Peak Output 
Current 
IT J .•. +25 
Cl 
Imax 
1.3 
2.5 
3.3 
2.2 
A 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVO 
- 
'3.0 
- 
- 
-1.5 
- 
mV/oC 


MC7824A 
C1.2.A 
Char.c1.'''tic 
Symbol 
Unit 
Min 
Ty. 
Max 
Min 
Ty. 
Max 


Output 
Voltage 
tT J •• +2SoCI 
Va 
23.5 
24 
24.5 
23.5 
24 
24.5 
Vd< 


Output 
Voltage 
Va 
Vdc 


(5.0 
mA 
" 
10" 
1.0 A. Po " 
15W) 
23 
24 
25 
23 
24 
25 
27.3 
Vdc" 
V1n" 
38 Vdc 


Line 
Regulation 
(Note 
2) 
Reg,n 
mV 
27 Vdc 
iii; V1n" 
38 Vdc, 
10 • 500 mA 
- 
'0 
36 
- 
3' 
240 


30 Vdc 
co Vin 
" 
36 Vdc 
- 
15 
60 
- 
35 
240 
30 Vdc 
" 
Vin 
iii; 36 Vdc, 
T J ••. +2SoC 
- 
5.0 
'9 
- 
14 
'20 
26.7 
Vdc";; 
Vin" 
38 Vdc, 
T J" 
+250C 
- 
10 
36 
- 
3' 
240 


Load 
Regulation 
(Note 
21 
Regload 
mV 


5.0mA" 
10" 
1.5 A 
- 
40 
50 
- 
- 
- 


5.0 mA 
" 
10" 
1.0 A 
- 
- 
- 
- 
60 
'00 
5.0 mA 
" 
10" 
1.5 A, T J " +2SoC 
- 
- 
- 
- 
60 
'00 


250 mA 
" 
10" 
750 mA 
- 
15 
25 
- 
25 
50 


Quiescent 
Current 
'e 
mA 


TJ 
So +250c 
- 
- 
6.0 
-- 
- 
6.0 
3.6 
5.0 
- 
4.6 
6.0 


Quiescent 
Current 
Change 
61e 
mA 


27.3 
Vdc" 
VlO" 
38 Vdc, 
10 '" 500 mA 
- 
0.3 
0.5 
- 
0.8 


27.3 
\Ide 
co Vm" 
38 Vdc, 
TJ" 
+250C 
- 
0.2 
0.5 
- 
- 
0.8 
5.0 mA 
" 
10" 
1.0 A 
- 
004 
0.2 
- 
- 
0.5 


Ripple 
Rejection 
AA 
de 


28 T~d~ ~~~c 
"38 Vdc, 
f" 
120 Hz, 
56 
62 
- 
- 
- 
- 


28 Vdc" 
V1n <: 38 Vdc. 
f ••. 120 Hz, 


10'" 
500 
mA 
56 
62 
- 
- 
54 
- 


Dropout 
Voltage 
flO 
'" 1.0 A, T J " +250CI 
Vin'VO 
2.0 
2.5 
- 
2.0 
- 
Vdc 


Output 
Noise Voltage 
(T A" 
+250C) 
Vn 
- 
'0 
40 
- 
'0 
- 


IA-V/VO 
10Hz" 
fe;; 100kHz 


Output 
ReSistance 
If .: 1.0 kHz) 
- 
Aa 
- 
20 
- 
- 
20 
- 
mn 


Short,Cl((,:uic 
Current 
Limit 
IT A 
c +::?SoCI 
'st 
0.2 
1.2 
0.2 
- 
A 
V1n '" 35 Vdc 
- 
- 


Peak Output 
CurTent 
(T J • +250CI 
1max 
1.3 
25 
3.3 
2.2 
A 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVa 
t3.0 
- 
- 
-1.5 
- 
mVfOC 


Notes' 
1. 
T,ow 
'" _55°C 
for 
MC78XX, 
A 


'" OoC for 
MC78XXC, 
AC 


Thigh" 
+lS00C 
for 
MC78XX, 
A 


c +1250C 
for 
MC78XXC, 
AC 


TYPICAL 
CHARACTERISTICS 
(TA ~ +250C unless otherwise noted.) 


FIGURE 
3 - 
INPUT 
OUTPUT 
DIFFERENTIAL 
AS A 
FUNCTION 
OF JUNCTION 
TEMPERATURE 


(MC18XXC. 
ACI 


FIGURE 
5 - 
PEAK 
OUTPUT 
CURRENT 
AS A FUNCTION 
OF 
INPUT·OUTPUT 
DIFFERENTIAL 
VOLTAGE 
(MC78XXC. 
ACI 
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FIGURE 
4 - 
INPUT 
OUTPUT 
DIFFERENTIAL 
AS A 
FUNCTION 
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TEMPERATURE 
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TYPICAL 
CHARACTERISTICS 
(continued) 


(T A = 25°C 
unless 
otherwise 
noted.) 


FIGURE 7 - 
RIPPLE REJECTION AS A FUNCTION 
OF OUTPUT VOLTAGES 
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FIGURE 8 - 
RIPPLE REJECTION AS A FUNCTION 
OF FREOUENCY 
(MC78XXC. ACI 
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Design Consider.ttans 


The 
MC7800 
Series 
of 
fixed 
voltage 
regulators 
are 
designed 


with 
Thermal 
Overload 
Protection 
that 
shuts 
down 
the 
circUIt 


when 
subjected 
to an excessive 
power 
overload 
condition, 
Internal 


Short·Clrcult 
Protection 
that 
limits 
the 
maximum 
current 
the clr· 


CUlt will 
pass. and Output 
Transistor 
Safe·Area 
Compen58tion 
that 


reduces 
the 
output 
short-Clrcu 
It current 
as the 
voltage 
across 
the 
pass transistor 
IS increased. 


In many 
low 
current 
applIcations, 
compensation 
capacitors 
are 


not 
required 
However. 
It 
IS recommended 
that 
the 
regulator 


Input 
be 
bypassed 
with 
a capacitor" 
the 
regulator 
IS connected 


to 
the 
power 
supply 
filter 
with 
long 
wire 
lengths, 
or If the output 


load 
capacitance 
is large. 
An 
Input 
bypass 
capacitor 
should 
be 


selected 
to 
prOVide 
good 
high-frequency 
characteristics 
to 
Insure 


stable 
operation 
under 
all 
load 
conditions_ 
A 
0.33 
j,lF 
Of" larger 


tantalum, 
mylar, 
or other 
capacitor 
having 
low 
internal 
Impedance 


at high 
frequencies 
should 
be chosen. 
The 
bypass 
capacitor 
should 


be 
mounted 
with 
the 
shortest 
possible 
leads 
directly 
across 
the 


regulators 
input 
terminals. 
Normally 
good 
constructiontechniques 


should 
be used 
to 
minimize 
ground 
loops 
and 
lead resistance 
drops 


since 
the regulator 
has no external 
sense lead. 


InpUI~ 


033",F I ."..'1 
L 
R 
• 


Constant 
Current 
to 


Grounded 
load 


The 
MC7800 
re9ulators 
can 
also 
be 
used 
as a current 
source 


when 
connected 
as above. 
In 
order 
to 
minimIze 
dissipation 
the 
MC7805C 
IS chosen 
In 
this 
application 
ReSistor 
R 
determines 


the 
current 
as follows 


5 V 


10: 
R 
-t to 


10 -: 
1.5 mA 
over 
line 
al1d load 
changes 


For 
example, 
a l·ampere 
current 
source 
WOuld 
require 
A 
lO be 
a 
5·ohm, 
10·W 
reSlSlor 
and 
the 
ou IpU ( vol tage 
compliance 
would 


be the Input 
voltage 
less 7 volts 


MJ2955 
or 
Equ'''' 


InpUI~ 
~ 


A 
MC78XX 
Output 


1O~F:J: 
I 
:J:0 1~F 


The 
MC7800 
series 
can 
be 
current 
boosted 
with 
a PNP 
transis· 


tor 
nle 
MJ2955 
provides 
current 
to 
5.0 
amperes. 
ReSistor 
R 
,n 
coni unction 
With 
the 
VBE 
of 
the 
PNP 
oPfermlnes 
when 
the 
pass 
tranSistor 
begins 
conducting: 
this 
CirCUit 
is not 
short·clrCUlt 


proof 
Input·output 
differential 
voltage 
minImum 
IS Increased 
by 
VBE of 
the pass tranSistor. 


The 
addlilon 
of 
an 
operational 
ampllfter 
allows 
aUlllSlllwnt 
to 


hIgher 
or 
Intermediate 
valu~s 
whIle 
retaHllllg 
regulaTion 
charOC1~r 


IStlCS 
The 
mlnU,lum 
voltage 
obtaInable 
WIth 
thIS dlrangem~nl 
te; 
20 
volts 
greater 
(han 
the regulator 
VOltage 


The 
circuit 
of Figure 
15can 
be modified 
to prOVIde 
supply 
protec 


lion 
against 
short 
ClrCUtts 
by 
adding 
a short·clfcuit 
sense 
reSiStor, 


Asc,and 
an 
additional 
PNP 
tranStstor 
The 
current 
senSing 
PNP 


must 
be 
able 
to 
handle 
the 
short'Clfcult 
current 
of 
the 
three· 


terminal 
regulator 
Therefore, 
a four·ampere 
plastiC 
power 
tran 


Slstor 
IS specifIed 


THREE-TERMINAL 
POSITIVE 
VOLTAGE 
REGULATORS 


The MC7BLOOSeriesof positive voltage regulators are inexpensive, 
easy·to·use devices suitable for a multitude 
of applications that reo 


quire a regulated supply of up to 100 mA. Like their higher powered 
MC7BOO and MC7BMOO Series cousins, these regulators 
feature 
internal 
current 
limiting 
and thermal 
shutdown 
making 
them re- 


markably 
rugged. No external 
components 
are required with 
the 


MC7BLOOdevices in many applications. 


These devices offer a substantial performance advantage over the 
traditional 
zener diode-resistor combination. 
Output 
impedance is 
greatly reduced and quiescent current is substantially reduced. 


• 
Wide Range of Available, Fixed Output Voltages 


• 
Low Cost 


• 
Internal 
Short,Clrcuit 
Current 
Limiting 


• 
Internal Thermal Overload Protection 


• 
No External Components Required 
• 
Complementary Negative Regulators Offered 
(MC79LOO Series) 


• 
Available in Either ±5% lAC) or ±10% (C) Selections 


01 


3.8 k 


04 
06 


1.2 k 


2' 
02 


420 


Device No. 
Device No. 
Nominal 


,10% 
'5% 
VolUge 


MC78L05C 
MC78L05AC 
50 
MC78L08C 
MC78L08AC 
80 
MC78L 12C 
MC78L '2AC 
'2 
MC78L ,5C 
MC78L '5AC 
15 
MC78L '8C 
MC78L '8AC 
18 
MC78L24C 
MC78L24AC 
24 


MC78LOOC,AC 


Series 


THREE-TERMINAL 


POSITIVE 
FIXED 
VOLTAGE 
REGULATORS 


P SUFFIX 


CASE 
29 


TO-92 


Pin 1. 
Output 
2. 
Ground 
3. 
Input 


0 


1 
BOllom 


o 
View 


I 
0 
0 
3 
,m 


2 


G SUFFIX 


CASE 
79 


TO-39 


Pin 1. 
Input 


2. 
Output 


3. 
Ground 


A common 
ground 
is required 
between 
the 


Input 
and the output 
voltages. The input ..,~t- 


age must remain typicilly 
2.0 V above the out- 


put voltage even during the low point on the 


input 
ripple 
voltage 
. 


• "" C, 
is required 
if regulator 
is located an 
apprecillble 
distance 
from 
power 
supply 
filter . 


•• ::::Co 
is not 
needed 
for stmility; 
however, 


it does improve tr.mient 
rflponse. 


ORDERING 
INFORMATION 


Deotice 
T.mpel'.tur. 
R..- 
.0<_ 


MC78LXXACG 
TJ" 
aoc 
to +lS00c 
M.t.IC." 


MC78lXXACP 
TJ •• oOC to +1500<: 
PIMtic 
Tr.",istor 


MC78lXXCG 
T 
., oOC to +lSOOC 
M.t,IC.n 


MC78lXXCP 
T J" 
OOC to +lSOOC 
Plestic 
Tr ••..slstor 


X X irwhcates 
nOffllnel 
voltage 


Rating 
Symbol 
Value 
Unit 


Input 
Voltage 12.6 V - 
8.0 V) 
VI 
30 
Vdc 
112V-18VI 
35 
124 VI 
40 


Storage Junction Temperature 
Range 
Tstg 
-65to+150 
°c 


Uperating Junction Temperature 
Range 
TJ 
o to +150 
uc 


MC78L05C, 
MC78L05AC 
ELECTRICAL 
CHARACTERISTICS 
IVI " 10 V. 10 = 40 mA, CI = 0.33 ~F, Co 
= 0.1 ~F, 


aOc < TJ < +12SoC unless otherwise noted.) 


MC78LOSC 
MC78LOSAC 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Min 
Typ 
Ma. 
Unit 


Output 
Voltage IT J = +2SoCI 
Vo 
4.6 
5.0 
5.4 
4.8 
5.0 
5.2 
Vdc 


Input Regulation 
Aegline 
mV 


IT J = +250C, 10 = 40 mAl 
7.0 Vdc •• VI •• 20 Vdc 
- 
55 
200 
- 
55 
150 
8.0 Vdc ••VI" 
20 Vdc 
- 
45 
150 
- 
45 
100 


Load Regulation 
Regload 
mV 


{TJ = +250C, 
1.0mA 
•• 10" 
100mAI 
- 
11 
60 
_. 
II 
60 
ITJ = +250C. 1.0 mA •• 10" 
40 mAl 
- 
50 
30 
- 
5.0 
30 


Output 
Voltage 
Vo 
Vdc 


17.0 Vdc •• VI •• 20 Vdc, 10 mA •• 10 •• 40 mAl 
4.5 
- 
5.5 
4.75 
-- 
5.25 
IVI 
= 10 V, 1.0mA" 
10" 
70mAI 
45 
- 
5.5 
4.75 
- 
5.25 


Input Bias Current 
liB 
mA 


ITJ = +250CI 
- 
3B 
60 
- 
3.B 
60 
ITJ 
= +1250CI 
- 
- 
5.5 
- 
- 
5.5 


Input Bias Current Change 
,·.IIB 
mA 


18.0 Vdc" 
VI " 
20 Vdcl 
- 
- 
1.5 
- 
- 
1.5 


11.0mA'" 
10" 
40mAI 
- 
- 
0.2 
- 
- 
0.1 


Output Noise Voltage (T A = +2SoC, 10Hz 
:s;;: f 
,s;;;. 
VN 
- 
40 
- 
- 
-40 
- 
~V 


100 kHz I 


Long-Term Stability 
,'Vn/6t 
- 
12 
- 
- 
12 
-- 
mV/1.0 
k Hrs 


Ripple Rejection 
(10 = 40 mA, f = 120 Hz, 
RR 
40 
49 
- 
41 
49 
- 
dB 
8.0 V •• VI" 
lB V, TJ = +250CI 


Input·Output 
Voltage Differential 
VINO 
- 
1.7 
- 
- 
1.7 
- 
Vdc 


IT J = +2SoCI 


MC78L08C, 
MC78L08AC 
ELECTRICAL 
CHARACTERISTICS 
(VI 
= 14 V,IO 
= 40 mA, CI = 0.33 ~F,CO 
= 0.1 ~F, 


° 
T 
25°C 
I 
o C < 
J < +1 
unless otherwise 
noted. 


MC7BLOBC 
MC7BLOBAC 


Characteristic 
Svmbol 
Min 
Tvo 
Ma. 
Min 
Tvo 
Ma. 
Unit 


Output 
Voltage 
(T 
= +250CI 
Vn 
736 
8.0 
864 
7.7 
8.0 
8.3 
Vdc 


Input 
Regulation 
Reghne 
mV 


IT J = +250C. 10 = 40 mAl 
10.5 Vdc <;;VI •• 23 Vdc 
- 
20 
200 
- 
20 
175 


11 Vdc <;;V I <;;23 Vdc 
- 
12 
150 
- 
12 
125 


Load Regulation 
Aegload 
mV 


ITJ 
= +250C,1.0mA" 
10'; 
100mAI 
- 
15 
80 
- 
15 
80 
IT, 
= +250C,l.0mA'; 
10'; 
40mAI 
- 
6.0 
40 
- 
80 
40 


Output 
Voltage 
Vo 
Vdc 


(10.5 Vdc <;;VI .;; 23 Vdc, 1.0 mA 
10<;;40mAI 
7.2 
- 
8.8 
7.6 
- 
8.4 


(VI 
= 14 V, 1.0 mA <;;10 <;;70 mAl 
7.2 
- 
8.8 
7.6 
- 
8.4 


Input 
Bias Current 
118 
mA 
IT J = +250CI 
- 
3.0 
6.0 
- 
30 
6.0 
ITJ 
= +1250CI 
- 
- 
5.5 
- 
- 
5.5 


Input 
alas 
Current 
Change 
.\118 
mA 


111 Vdc <;;VI <;;23 Vdcl 
.. 
- 
1 5 
- 
- 
1.5 
11.0mA 
<;;In <;;40mAI 
- 
- 
02 
- 
- 
0.1 


Output 
NOise 
Voltage 
(T A = +2SoC, 
10 Hz '" f " 
VN 
- 
52 
- 
- 
60 
- 
~V 


100 kHz! 


Long-Term 
Stability 
~Vn/"" 
.- 
20 
- 
- 
20 
- 
mV 11.0 k 
Hrs. 


Ripple RtJection 
(10 
== 40 mA. f 
-= 120 Hz. 
RR 
36 
55 
- 
37 
57 
- 
d8 


12 V .;; V, .;; 23 V. T J = +250CI 


Input-Output 
Voltage 
Differential 
VINO 
- 
1 7 
- 
- 
1.7 
- 
Vdc 


IT J = +250CI 


MC7BL 12C 
MC7BL 12AC 


Characteristic 
Symbol 
Min 
TYD 
Ma. 
Mi" 
TVD 
Ma. 
Unit 


Output 
Voltage 
{T J 
-= +2SoCI 
Vo 
11.1 
12 
12.9 
11.5 
12 
12.5 
Vdc 


Input 
Regulation 
Regline 
mV 
IT J = +250C, 10 = 40 mAl 
14.5 Vdc '" VI <;;27 Vdc 
- 
120 
250 
- 
120 
250 


16 Vdc " 
VI .;; 27 Vdc 
- 
100 
200 
- 
100 
200 


Load Regulation 
Regload 
mV 


IT J = +250C, 
1.0 mA .;; 10';; 
100 mAl 
- 
20 
100 
- 
20 
100 
IT J = +250C, 
1.0 mA " 
10 •• 40 mAl 
- 
10 
50 
- 
10 
50 


Output 
Voltage 
Vo 
Vdc 
(14.5 Vdc';; 
V, •• 27 Vdc, 1.0mA 
<; 10<;40mAI 
108 
- 
13.2 
11.4 
- 
126 
IV, 
= 19 V,l.0mA<;; 
'0<;; 70mAI 
10.8 
- 
13.2 
11.4 
- 
12.6 


Input 
Bias Current 
liB 
mA 
IT J = +250CI 
- 
4.2 
6.5 
- 
42 
65 
ITJ 
= +1250CI 
- 
- 
6.0 
- 
- 
60 


Input 
Bias Current 
Change 
liB 
mA 


116 Vdc -;; VI <;;27 Vdcl 
- 
- 
1.5 
- 
- 
1.5 
11.0 mA 
<; 'n 
<;;40 mAl 
- 
- 
0.2 
- 
- 
0.1 


Output 
Noise Voltage 
IT A = +250C, 
10Hz" 
f '" 
VN 
- 
80 
- 
- 
80 
- 
~V 


100 kHzl 


Long-Term 
Stabrlity 
.-.vO/'.' 
- 
24 
- 
- 
24 
- 
mV/l 
0 k Hrs. 


Ripple 
Rejection 
liD = 40 mA, f = 120 Hz, 15 V ~ 
RR 
36 
42 
- 
37 
42 
- 
dB 
VI" 
25 V, TJ = +250CI 


Input-Output 
Voltage 
Differential 
VINO 
- 
1.7 
- 
- 
1.7 
- 
Vdc 


IT J = +250CI 


OC<TI<+l 
unless otherwise 
note 


MC7SL lSC 
MC7SL l5AC 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Min 
Typ 
Ma. 
Unit 


Output 
Voltage 
IT J = +250CI 
Vo 
13.8 
15 
16.2 
14.4 
15 
156 
Vdc 


Input Regulation 
Regllne 
mV 


ITJ = +250C, 10 = 40 mAl 
17.5 Vdc" 
VI •• 30 Vdc 
130 
300 
- 
130 
300 


20 Vdc •• VI •• 30 Vdc 
- 
110 
250 
- 
110 
250 


Load Regulation 
Regload 
mV 


ITJ = +250C, l.0mA" 
10 < 100mA) 
.. 
25 
150 
.. 
25 
150 


ITJ = +250C, 1.0mA 
•• 10" 
40mA) 
- 
12 
75 
.. 
12 
75 


Output 
Voltage 
Vo 
Vdc 


117.5 Vdc •• VI 
. 30 Vdc, 1.0 mA "10" 
40mAI 
13.5 
- 
16.5 
14.25 
1575 


IVI 
= 23 V,1.0mA 
"10" 
70mAI 
13.5 
- 
16.5 
14.25 
- 
15./5 


Input 
Bias Current 
118 
mA 


IT J = +250CI 
- 
4.4 
6.5 
- 
4.4 
65 


ITJ = +1250CI 
.. 
... 
60 
.. 
- 
60 


Input 
Bias Current 
Change 
118 
mA 


120 Vdc " 
VI 
<; 30 Vdcl 
.. 
- 
1 5 
. 
.. 
1.5 


11.0 mA •• In 
<; 40 mAl 
.. 
- 
0.2 
.. 
0.1 


Output 
Noise Voltage IT A = +250C. 
10 Hz ~ f " 
VN 
- 
90 
- 
.. 
90 
- 
"V 


100 kHz I 


Long-Term 
Stability 
·-.vol '., 
30 
- 
.. 
30 
- 
mV/l 
0 k Hrs. 


Ripple Rejection 
(10 - 40 mA. 
f 
'"' 120 Hz. 18.5 V 
<;;; 
RR 
33 
39 
.. 
34 
39 
- 
d8 


VI 
<; 28.5 V, TJ = +250CI 


Input-Output 
Voltage DIfferential 
VINO 
-- 
1.7 
- 
- 
1.7 
- 
Vdc 


IT J = +250CI 


MC78L 18C, MC78L 18AC ELECTRICAL 
CHARACTERISTICS 
IVI" 
27 V, '0 
= 40 mA, CI = 0.33 "F, 
Co = 01 
"F, 


OOC < T J < +1250C 
unless otherwise 
noted,) 


MC78L lac 
MC7SL lSAC 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Min 
Typ 
Ma. 
Unit 


Output 
Voltage 
IT J = +250CI 
Vo 
16.6 
18 
19.4 
17.3 
18 
18.7 
Vdc 


Input 
Regulation 
Regline 
mV 


IT J = +250C, 10 = 40 mAl 
21.4 Vdc •• VI •• 33 Vdc 
.. 
32 
325 


20.7 Vdc " 
VI •• 33 Vdc 
- 
45 
325 


22 Vdc " 
V I •• 33 Vdc 
-- 
27 
275 


21 Vdc " VI •• 33 Vdc 
- 
35 
275 


load 
Regulation 
Regload 
mV 


ITJ" 
+250C,l 
OmA 
<; 10" 
100mAI 
.. 
30 
170 
30 
170 


IT J = +250C, 1.0 mA " 
10 " 40 mAl 
- 
15 
85 
- 
15 
85 


Output 
Voltage 
Vo 
Vdc 


121.4 Vdc " 
V I •• 33 Vdc, 1.0 mA •• '0" 
40 mAl 
16.2 
- 
17.8 
1207 Vdc" 
V,,, 
33 Vdc,l.0mA" 
'0"40mAI 
17.1 
.. 
18.9 
IVI 
= 27 V,lOmA" 
'0" 
70mAI 
162 
- 
17.8 
IVI 
= 27 V, 1.0mA" 
10" 
70mAI 
17.1 
.. 
18.9 


Input 
Bias Current 
'18 
mA 
IT J = +250CI 
.. 
3.1 
6.5 
- 
3.1 
65 


IT J = +1250C) 
- 
- 
6.0 
- 
- 
6.0 


Input Bias Current Change 
"18 
mA 
122 Vdc •• VI 
<;; 33 Vdcl 
- 
- 
1.5 


121 Vdc " 
VI = 33 Vdcl 
- 
- 
1.5 
11.0 mA •• In 
<;; 40 mAl 
- 
- 
0.2 
- 
.. 
0.1 


Output 
Noise Voltage (T A=- i-2SoC. 10 Hz" 
f 
" 
VN 
.. 
150 
- 
150 
- 
"V 
100 kHz) 


Long-Term Stability 
AVn/~, 
- 
45 
- 
- 
45 
- 
mV 11.0 k Hrs. 


R,pple Rejection 
(to = 40 mA, 
f = 120 Hz, 
RR 
32 
46 
- 
33 
48 
- 
d8 
23 V •• VI 
<;; 33V, 
TJ= 
+250CI 


Input·Qutput 
Voltage Differential 
VINO 
.. 
1.7 
.. 
1.7 
- 
Vdc 


IT J " +250CI 


< 
J < + 
unless otherWIse 
note 


MC78L24C 
MC78L24AC 


Chllracteristic 
Symbol 
Min 
TVD 
Ma. 
Min 
TYD 
Ma. 
Unit 


Output 
Voltage 
(T J = +250CI 
Vo 
22.1 
24 
25.9 
23 
24 
25 
Vdc 


I"put Regulation 
Regline 
mV 


IT J = +26oC. 
10 = 40 mAl 


27.5 Vdc <; VI 
<; 38 Vdc 
- 
35 
350 
- 
- 
- 


28 Vdc 
<; VI <; 38 Vdc 
- 
30 
300 
- 
50 
300 


27 Vdc < V I .;; 38 Vdc 
- 
- 
- 
- 
60 
350 


Load Regulation 
Regload 
mV 


(T J = +250C, 
1.0 mA <; 10';; 
100 mAl 
- 
40 
200 
- 
40 
200 
IT J = +250C, 
1.0 mA 
<; 10 
C;; 40 mAl 
- 
20 
100 
- 
20 
100 


Output 
Voltage 
Vo 
Vdc 


128Vdc';; 
VI 
<; 38Vdc.l.0mA 
C;; 10 <; 40mAI 
21.6 
- 
264 


(27 Vdc <; VI 
<; 38 Vdc, 
1.0 mA 
C;; 10 <; 40 mAl 
22.8 
- 
252 
128Vdc 
<; VI 
<; 33V,l.0mA';; 
10 <; 70mAI 
21.6 
- 
26.4 


127 Vdc';; 
VI';; 
33V,l.0mA 
C;; 10 
C;; 70mAI 
22.8 
- 
25.2 


Input Bias Current 
118 
mA 


IT J = +250CI 
- 
3.1 
6.5 
- 
3.1 
6.5 


ITJ=+1250CI 
- 
- 
6.0 
- 
- 
60 


Input Bias Current 
Change 
"118 
mA 
128 Vdc 
C;; VI <; 38 Vdcl 
- 
- 
1.5 
- 
- 
1.5 


11.0 mA ,;; 10 <; 40 mAl 
- 
- 
0.2 
- 
- 
0.1 


Output 
Noise Voltage 
IT A = +2SoC, 
10 Hz < 
VN 
- 
200 
- 
- 
200 
_. 
"V 


I 
C;; 100 kHzl 


Long-Term 
Stability 
'\Vn{l\t 
- 
56 
- 
- 
56 
- 
mVI1.0k 
Hrs. 


R;pple 
Rejec!;on 
110 = 40 mA, 
f = 120 Hz, 29 V <; 
RR 
30 
43 
- 
31 
45 
- 
dB 
V I •• 35 V, TJ = +250CI 


Input-Output Voltage Differential 
VINO 
- 
1.7 
- 
- 
1.7 
- 
Vdc 


(T J = +250CI 


TYPICAL 
CHARACTERISTICS 


IT A = +250C 
unless otherwise 
noted.l 
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FIGURE 
5 - 
MAXIMUM 
AVERAGE 
POWER DISSIPATION 
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Design Considerations 


The MC78LOOC Sertes of fixed 
voltage regulators are designed 


with 
Thermal 
Overload 
Protection 
that 
shuts down 
the Circuit 


when subjected 
to an excessive power overload condItion, 
Internal 
ShOrt·Clrcult 
ProtectIOn 
that limits 
the maxImum 
current 
the CH· 


CUlt 
will pass 
In many tow current 
applications, 
compensation 
capaCitors dre 


not 
required 
However, 
It 
IS recommended 
that 
the regul<JtOr 
Input 
be bypassed with 
d capacitor 
If 
the regulator 
IS connected 
to the power supply 
fdtE'r with 
tong Wire lengths, 
01 If the output 


load capacitance 
IS large 
An 
tnput 
bypass cdpacltor 
should 
be 


Constant 
Current 
to 


Grounded 
load 


The MC78LOOC regulators 
ci:tn dlso be used as a current 
source 


when 
connected 
as above. In order 
to minimize 
dISSipation the 
MC78L05C 
IS 
chosen In thiS application, 
Resistor 
R determines 


the current as follows 


For example, 
a 100 mA current 
source would 
require R to be a 


50-ohm, 
1/2-W 
reSistor and the output 
voltage cumplli:tnce would 
be the Input voltage less 7 volts. 


selec·ted to prOVide good hlgh·frequency 
characteristIcs 
to Insure 
sti:tble operation 
under all load conditions. 
A 033 
,I.lF or larger 
tantalum, 
mylar, 
or other capacttor haVIng low Internal 
Impedance 
at high frequenCies should be chosen. 
The bypass capacitor should 
be mounted 
with 
the shortest 
pOSSible leads directly 
across the 
regulators Input terminals. 
Normally 
good construction 
techniques 


shouh.1 be used to 
minimize 
ground 
loops 
and 
lead 
resistance 


drops since the regulator has no external sense lead. Bypassing 
the 


output 
is also recommended. 


'2oV 
~ 
0---- 
MC78L15 


o 33J-lF.:r: 
-=- 


T 


~-· 


20 V 


0-- 
MPS U55 


033 
J-lF J 


MC78MOOC SERIES THREE-TERMINAL 
POSITIVE 
VOLTAGE 
REGULATORS 


The MC78MOO Series positive 
voltage regulators 
are identical 
to 
the popular 
MC7800C 
Series devices, except 
that 
they are specified 
for 
only 
one-third 
the output 
current. 
Like the MC7800C 
devices, 
the MC78MOOC three-terminal 
regulators 
are intended 
for local, on- 


card 
voltage 
regulation. 


Internal 
current 
limiting, 
thermal shutdown 
circuitry 
and safe- 
area compensation for the internal pass transistor combine to make 
these devices remarkably 
rugged under most operating conditions. 


Maximum 
output 
current, 
with 
adequate 
heatsinking 
is 500 mA. 


• 
No External 
Components 
Required 


• 
Internal 
Thermal 
Overload 
Protection 


• 
Internal 
Short·Circuit 
Current 
Limiting 


• 
Output 
Transistor 
Safe-Area 
Compensation 


• 
Packaged in the Plastic Case 221 A and Case 79 
(TO-220 
and Hermetic 
TO-391 


I 


I ".JJ 


! 
I 
I 


J 


MC78MOOC 


series 


THREE-TERMINAL 


POSITIVE 
FIXED 


VOLTAGE 
REGULATORS 


Pin 
1. 
Input 
~.~:~:~~ 
'.[=~ 


'0'1~"i 
Bottom 
J 
\ 


View 


G SUFFIX 
METAL 
PACKAGE 


CASE 
79 
TO·39 


(Case 
connected 
to Pin 3) 


T SUFFIX 
PLASTIC 
PACKAGE 
CASE 
221 A 


(TO·220 
Type) 


(Heatsink surface 
connected to Pin 2) 


A common 
ground 
IS 
required 
between 
the 


Input 
and 
the 
output 
'VOltages 
The 
Input 
vOlt 


age must 
remaIn 
tYPIcally 
20 
V above 
the out· 


put 
voltage 
even 
durtng 
the 
low 
pOInt 
on 
the 


Input 
ripple 
voltage 


- '" GIn 
IS required 
If 
regulator 
IS located 
an 


apprecIable 
dIstance 
from 
power 
supply 


fIlter 


•• '" Co improves 
stability 
and 
transient 
reo 
sponse. 


TJ 
. 00 C 10 • 1500 C 
M~l.1 Can 


TJ • 00 C 10 '1500 
C 
PloHl" Po ••••.er 


MC78M05C 
MC78M06C 
MC78M08C 
MC78M12C 
MC78M15C 
MC78M18C 
MC78M20C 
MC78M24C 


5.0 Volts 


6.0 Volts 
8.0 Volts 
12 Volts 


15 Volts 


18 Volts 


20 Volts 
24 Volts. 


Rating 
Symbol 
Value 
Unit 


Input 
Voltage 
15.0 V· 
18 VI 
VI 
35 
Vdc 


120 V· 
24 VI 
40 


Power Dissipation (Package limitation) 


Plastic Package 


T A = 25°C 
Po 
Internally 
Limited 


Derate above T A = 25°C 
~JA 
70 
°C/W 


TC = 25°C 
Po 
1 nternally 
Limited 


Derate above T C = 11aOc 
°JC 
5.0 
°CIW 


Metal Package 


T A = 25°C 
Po 
I nternally 
Limited 


Derate above T A = 25°C 
~JA 
185 
°CIW 


TC = 25°C 
Po 
Internally 
Limited 


Derate above T C = 85°C 
~Ir 
25 
°CIW 


Operating Junction Temperature 
Range 
T 
010+150 
°c 


Operating Ambient 
Temperature 
Range 
TA 
o to +85 
°c 


Storage Temperature 
Range 
Tstg 
PlastiC Package 
-65to+150 
°c 


Metal Package 
-65 to +150 
°c 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
ITJ = +250CI 
Vo 
4.8 
5.0 
5.2 
Vdc 


Line Regulation 
Regline 
mV 


IT J = +250CI 


17.0 Vdc" 
V, 
•• 25 lidel 
- 
3.0 
100 


18.0 Vdc '" 
V, 
,. 25 Vdel 
- 
1.0 
50 


Load Regulat ion 
Regload 
mV 


IT J = +250C. 
5.0 mA .; '0 
•• 500 mAl 
- 
20 
100 


ITJ = +250C. 5.0 mA ,. 10" 
200 mAl 
- 
10 
50 


Output 
Voltage 
Vo 
4.75 
- 
5.25 
Vdc 


(7.0 Vdc,. 
VI 
•• 25 Vdc. 5.0 mA •• 10" 
200 mAl 


Input 
Bias Current 
ITJ = +2SoC) 
liB 
- 
4.5 
6.0 
mA 


Quiescent Current Change 
611B 
mA 


18.0 Vdc" 
VI 
•• 25 Vdcl 
- 
- 
0.8 


15.0 mA 
<: 10 •• 200 mAl 
- 
- 
0.5 


Output 
Noise Voltage 
IT A = +250C. 
10Hz 
•• f •• 100 kHzI 
eon 
- 
40 
- 
pV 


Long-Term 
Stability 
6VO/6t 
- 
- 
20 
mV/l.0 
kHrs 


Ripple 
Rejection 
(10 = 100 mA. f = 120 Hz. 8.0 V •• VI" 
18 VI 
RR 
- 
80 
- 
d8 


(10 = 300mA. 
f = 120 Hz. 8.0 •• VI" 
18 V. TJ = 250CI 
- 
80 
- 


Input-Output 
Voltage Differential 
VI'VO 
- 
2.0 
- 
Vdc 


ITA 
= +250CI 


Short·Circuit 
Current 
Limit (T J = +2SoC. VI = 35 V) 
10S 
_. 
300 
- 
mA 


Average Temperature 
Coefficient 
of Output 
Voltage 
6VO/6T 
- 
-1.0 
- 
mV/oC 


(10 = 5.0 mAl 


Peak Output Current 
10 
- 
700 
- 
mA 


ITJ = 250CI 


Characteristic 
Symbol 
Min 
Typ 
MIx 
Unit 


Output 
Voltage IT J :: +2Soc) 
Va 
5.75 
6.0 
6.25 
Vdc 


LIne Regulation 
ReglJne 
mV 
ITJ 
= t250CI 


18.0 Vdc "'"V, 
~ 2S Vdcl 
5.0 
100 
19.0 Vdc "- V, 
(; 25 Vocl 
- 
15 
50 


Load Regulation 
ReQload 
mV 
ITJ" 
t2SoC. S.OmA ••..10 ~ SOOmA) 
- 
20 
120 
ITJ" 
t250C. 
5.0mA 
"'0';; 
200mA) 
- 
10 
60 


Output Voltage 
Va 
57 
- 
6.3 
Vdc 
18.0 Vdc . 
V, 
': 25 Vdc. 50 
mA .: 10"'-: 200 mAl 


Input Bias Current 
lTJ ": -t2SoCl 
"8 
- 
45 
60 
mA 


Quiescent Current Change 
"'18 
mA 


19,0 Vdc ~ V, (:' 2!::JVdcl 
- 
- 
0.8 
150 mA '" '0' 
200 mAl 
- 
- 
0.5 


Output Noise Voltage IT A 
.2Soc, 
10 Hz ," f, 
100 kHi) 
·on 
- 
45 
- 
"V 


Long·Term StabilIty 
6VO/6t 
- 
- 
24 
mV/l.0kHrs 


Ripple Rejection 1'0 
'" 100 mA, 
f 
'" 120 Hz, 9 0 V <: VI"':: 19 V) 
RR 
- 
80 
- 
d8 


1100 
JOOmA. 
f 
120H,.90V· 
v, . 
19V. 
TJ" 
250CI 
- 
80 
- 


Input ·Output Voltage DIfferentIal 
V"Va 
- 
2.0 
- 
Vdc 


ITA':' 
t250Cl 


Short-CirCUIt Current LImIt fTJ '" +250C. VI ""35 Vl 
'as 
- 
270 
- 
mA 


Average Temperature COefflc.lent 01 Output Voltitge 
IIVO/·n 
- 
-10 
- 
mV/oC 


lIO 
= 5.0 mAl 


Peak Output Current fT J ""2SoCI 
'a 
- 
700 
- 
mA 
ITJ ~ 250CI 


Characteristic 
Symbol 
Min 
Typ 
MIX 
Unit 


Output 
Voltage IT J :: '250CI 
Va 
7.7 
80 
8.3 
Vdc 


Line RegulatIon 
R891tne 
mV 
IT J = t250CI 
110.5 Vde>. 
V, 
•••25 Vdcl 
- 
60 
100 
f11 Vdc 
So,. 
V, 
"'"2S Vdcl 
- 
2.0 
50 


Load Regulatton 
Reg'oad 
mV 
ITJ 
= +250C. 
5.0mA· 
10 •• 500mAl 
.. 
25 
160 


lTJ=- -t250C, SOmA 
t.., '0 
,,; 200 mAl 
- 
10 
80 


Output Voltage 
Va 
7.6 
- 
8.4 
Vdc 
1105Vdc, 
V, 
" 25 Vdc. 50 mA" 
'0" 
200 mAl 


Input Bias Current fT J :.:.•2SoCl 
"8 
- 
4.6 
6.0 
mA 


Quiescent Curr~nt 
Change 
111,8 
mA 
(1 0.5 Vdc 
~< 
V, 
" 
25 Vdcl 
- 
- 
0.8 
15.0 mA <; '0" 
200 mAl 
- 
- 
0.5 


Output NOise Voltage fT A;- 
+2SoC, 10 Hz •••1 ~ 100 kHz) 
·on 
-- 
52 
- 
"V 


Long-Term Stability 
IIVO/II' 
- ----=-- 1--_ 32 
mV/l.OkHrs 


Ripple Rejection (10:': 100 mA, 
f 
:: 120 Hz, 11.S V " VI " 21.5 VI 
RR 
- 
80 
- 
d8 
(10 
= 300mA. 
f= 
120Hz.l1.5V 
•. V,,, 
215V. 
TJ' 
250CI 
-- 
80 
- 


Input-Output 
Voltage Differential 
V'-Va 
- 
2.0 
- 
Vdc 


IT A = +250CI 


Short"Clfcuit Current Limit ITJ '" +2SoC. VI ""35V) 
'as 
- 
250 
- 
mA 


Average Temperature CoeffiCient of OU1;)ut Voltage 
tJ.VO/IIT 
- 
-1.0 
- 
mV/oC 


110' 
5.0mAI 


Peak Output Current 
'a 
- 
700 
- 
mA 
ITJ = 250CI 


CharacteristiC 
Symbol 
Min 
Typ 
Ma. 
Unit 


Output 
Voltage 
(T J '=' +2SoCl 
Va 
11 5 
12 
12.5 
'Ide 


Line 
Regulation 
Regllne 
mV 
IT J " +250CI 
{145Vde,;; 
VI 
,;; 30 Vdel 
- 
80 
100 
{16 'Ide 
•• VI 
•• 22 Vdel 
- 
20 
50 


Load 
RegulatIon 
Regload 
mV 


lTJ= 
+250C. 
SOmA'" 
to -(' 500mAl 
- 
25 
240 


ITJ" 
+250C. 
5.0mA';; 
'0 
<; 200mAI 
- 
10 
120 


Output 
Voltage 
'10 
114 
- 
126 
'Ide 


(l45Vdc"," 
VI 
~ 
27Vdc. 
SOmA"; 
10:"" 200 mAl 


Input 
Bias Current 
IT J '=' 
+2SoC) 
'IB 
-- 
4.8 
6.0 
mA 


QUiescent 
Current 
Change 
.'IIIB 
mA 


i145Vdc~ 
VI 
<.; 30 Vdel 
- 
- 
08 


15.0 mA " 
'0 
<. 200 mAl 
- 
- 
05 


Output 
NOIse 
Voltage 
IT A"" 
+2SoC, 
10Hz'(f:"" 
100kHzl 
·on 
- 
75 
- 
~V 


Long-Term 
Stability 
.>'10/.'11 
- 
- 
48 
rnV/10 
k Hrs 


RIpple 
Rejection 
(10'" 
100 
mA. 
f 
'=' 
120 
Hz. 
15 V 
<' VI 
. 
25 VI 
RR 
- 
80 
- 
dB 


110" 
300 mA. f = 120 Hz. 15 V " VI '" 25 V. TJ = 250CI 
- 
80 
- 


Input-Output 
Voltage 
DifferentIal 
'11·'10 
- 
20 
- 
Vdc 


ITA 
= '250CI 


Shon·Circuit 
Current 
Limit 
IT J = .• 25°C. 
V, = 35'11 
'as 
- 
240 
- 
mA 


A·...erage 
Temperature 
Coefficient 
of 
Output 
Voltage 
6VO'.'lT 
- 
-10 
- 
mV/oC 


(10 
= SOmA, 
OOC ~ 
TA';; 
"12SoCl 


Peak 
Output 
Curr~nt 
'a 
- 
700 
- 
mA 


ITJ=250CI 


Characteristic 
Symb04 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
IT J = +2SoCl 
Va 
144 
15 
15.6 
'Ide 
- 
Input 
Regulation 
Regline 
mV 
ITJ" 
+250CI 
(17.5Vdc~ 
VI 
,;; 30 Vdel 
- 
10 
100 
120 'Ide 
•• VI 
,;; 30 Vdel 
3.0 
50 


Load 
Regulation 
-Regload 
mV 
ITJ = +250C, 
5.0 mA •• 10';; 
500 mAl 
- 
25 
300 
ITJ = +250C, 
5.0 mA •• 'a 
" 200 mAl 
- 
10 
150 


Output 
Voltage 
Va 
1425 
- 
15.75 
'Ide 


17.5 'Ide 
•• V, 
.,;; 30 
Vdc, 
5.0 
mA 
.,;; '0";: 
200 
mAl 


Input 
Bias Current 
(TJ':' 
+250Cl 
118 
- 
4.8 
60 
mA 


QUIescent 
Current 
Change 
61,8 
1185Vde<VI 
•• 30 Vdel 
- 
- 
0.8 
15.0 mA ,;; '0" 
200 mAl 
- 
- 
0.5 


Output 
NOise 
Voltage 
(T A'" 
+2SoC. 
10Hz" 
f •• 100 kHzl 
·on 
-- 
90 
- 
~V 


Long-Term 
Stabilltv 
6'10/6' 
- 
- 
60 
mV/19~ 


Ripple 
Rejection 
00 
= 100 
mA, 
f.:. 
120 
Hz, 
18.5 
V'" 
VI";;; 
28.5 
VI 
RR 
- 
70 
- 
d8 
110 = 3OOmA.f" 
120Hz, 
18.5'1 
•• VI" 
28.5'1, 
TJ= 
250CI 
- 
70 
- 


Input-Output 
Voltage 
Differential 
'11,'10 
- 
2.0 
- 
'Ide 
IT A = +250CI 


Short-Circuit 
Current 
Limit 
{TJ:Z 
+2S0C. 
VI 
- 
35 
VI 
10S 
- 
240 
- 
mA 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
6VO/6T 
- 
-1.0 
- 
mV/oC 


110 = 5.0 mA, OoC •• T A •• + 1250CI 


Peak 
Output 
Current 
10 
- 
700 
- 
mA 


ITJ = 250CI 


Characteristic 
Symbo' 
Min 
Typ 
M•• 
Unit 


Output 
Voltage 
IT J = +2SoC) 
Va 
17.3 
18 
18.7 
Vdc 


Line 
Regulation 
Regime 
mV 


ITJ 
+250Cl 


t21 
Vdc 
~ 
VI 
" 33 Vdcl 
- 
10 
100 


124 Vdc 
••• VI 
•• 33 Vdcl 
- 
40 
50 


LO<lc1Regulation 
A egload 
mV 


(TJ - 
+250C. 
5.0mA 
to,.'0 ~ 
SOOmA) 
- 
30 
~60 


ITJ 
+250C. 
50 
mA 
~ 10 "'_200 
mAl 
- 
10 
180 


Output 
Voltage 
Va 
171 
- 
18.9 
Vdc 


121 Vdc " 
V, 
,,33 
Vdc, 5.0 mA •. 'a " 200 mAl 


Input 
Bias Current 
IT J '" -+2SoCl 
"8 
- 
48 
6.5 
mA 


QUiescent 
Current 
Change 
j.118 
mA 


(21 
Vdc 
. 
V, 
-; 33 Vdcl 
- 
- 
0.8 


(SOmA 
•... 10 ~ 
200mA) 
- 
0.5 


Output 
NOise 
Voltage 
IT A=- 
+2soC, 
10Hz 
•.•.f 
~ 
100kHzl 
·on 
- 
100 
~V 


Long 
Term 
Stability 
.lVO/ilt 
- 
- 
72 
mV/l.0kHrs 


R tpple 
ReJectHJn 
(I 0 ~ 100 
mA. 
f 
=- 
120 
Hz. 
22 
V .,;;:V, .,. 32 V J 
RR 
- 
70 
- 
d8 


1'0 
300mA,f 
0 
120Hz, 22V 
•• V, •. 32V, 
TJ' 
2SoCI 
- 
70 
- 


I npul 
Output 
Voltage 
Differential 
V"VO 
- 
20 
- 
Vdc 


IT A 
0 '2SoCI 


Short,Clrcuit 
Current 
Limit 
ITJ 
= -+2SoC. 
VI'" 
35 
VI. 
'as 
- 
240 
- 
mA 


Average 
Temperature 
CoeffiCient 
of Output 
Voltage 
6VO!t>.T 
-- 
-1.0 
- 
mV/oC 


110' 
5.0mA,OoC" 
TA" 
'1250CI 


Peak 
Output 
Current 
'a 
- 
700 
- 
mA 


IT J = 250CI 


Char.cteristic 
Symbol 
Min 
Typ 
. Me" 
Unit 


Output 
Voltage 
IT J = -+2SoCI 
Va 
19.2 
20 
20,8 
Vdc 


Line 
Regulation 
Reg'lne 
mV 
ITJ = '250CI 


f23 
Vdc 
"" VI 
. 35 Vdcl 
- 
10 
100 


124 Vdc 
..; VI 
••• 3S Vdcl 
- 
S,O 
50 


Load 
Regulation 
Regload 
mV 


ITJ 
'2SoC. 5.0 mA " 'a " 500 mAl 
- 
30 
400 


IT J '" -+2SoC. 
5.0 
mA 
..; 'O:so 
200 
mAl 
- 
10 
200 


Output 
Voltage 
Va 
19 
- 
21 
Vdc 
123 Vdc '" V, 
" 35 Vdc, 5.0 mA " '0 " 200 mAl 


Input 
Bias Current 
IT J.'" 
+2SoCI 
"8 
- 
4.9 
6.5 
mA 


Quiescent 
Current 
Change 
6118 
mA 


123 Vdc " 
V, 
.; 35 Vdcl 
- 
- 
0.8 


IS.OmA .; 'a 
" 200 mAl 
- 
- 
0.5 


Output 
Noise 
Voltage 
IT A ,...+250C, 
10Hz 
~ 
f 
~ 
100 
kHz) 
·on 
- 
110 
- 
~V 


Long·Term 
Stability 
6VO!6t 
- 
- 
80 
mV/l.0kHrs 


Ripple 
Rejpctlon 
110:0 100 
mA. 
f "" 120 
Hz, 
24 
V.-; 
VI" 
34 
Vl 
RR 
- 
70 
- 
d8 


1'0 = 300mA, 
f = 120 Hz, 24 V •• V,,, 
34 V, TJ = 250CI 
- 
70 
- 


Input·Output 
Voltage 
Differential 
VI'VO 
- 
2.0 
- 
Vdc 


IT A = t250CI 


Short,Clrcuit 
Current 
limit 
IT J = +250C, 
VI 
= 35 
V) 
'as 
- 
240 
- 
mA 


Average 
Temperature 
Coefficient 
of 
Output 
Voltage 
6VO!6T 
- 
-1.1 
- 
mVI"C 


ItO= 
SOmA.OoC" 
TA" 
"250CI 


Peak 
Output 
Current 
10 
- 
700 
- 
mA 


IT J: 
25°C) 


Charuteristic 
Symbol 
Min 
Typ 
M•• 
Unit 


Output Voltage (TJ = +250C) 
Vo 
23 
24 
25 
Vdc 


Line Regulation 
ReQline 
mV 
ITJ: 
+250CI 


127 Vdc" 
VI 
" 38 Vdcl 
- 
10 
100 


128 Vdc" 
VI 
" 38 Vdcl 
- 
5.0 
50 


Load RegulatIon 
Regloarl 
mV 


IT J : +250C, 5.0 mA " 10 " 500 mAl 
- 
30 
.480 


IT J : +250C, 5.0 mA " 10" 
200 mAl 
- 
10 
240 


Output Voltage 
Vo 
22.8 
- 
25.2 
Vdc 


127 Vdc" 
VI 
" 38 Vdc, 5.0 mA " 
10" 
200 mAl 


Input Bias Current ITJ = +250CI 
118 
- 
5.0 
7.0 
mA 


Quiescent Current Change 
tol18 
mA 


127 Vdc " 
VI 
" 38 Vdcl 
- 
- 
0.8 
15.0 mA "10" 
200 mAl 
- 
- 
0.5 


Output NOIseVoltage ITA = +2SoC, 10 Hz,; 
f 
.;;; 100 kHz) 
·on 
- 
170 
- 
#V 


Long·Term Stability 
toVoltot 
- 
- 
96 
mV/10kHrs 


Ripple ReJection 110= l00mA.f= 
120Hz. 
28V 
~ VI '" 38Vl 
RR 
- 
70 
- 
dB 


{l0: 
300mA,f: 
120Hz, 
28V" 
VI" 
38V, 
TJ: 
250CI 
- 
70 
- 


Input-Output Voltage Differential 
VI'VO 
- 
2.0 
- 
Vdc 
IT A: 
+250CI 


Short-Circuit Current Limit IT J = +250CI 
10S 
- 
240 
- 
mA 


Average Temperature Coefficient of Output Voltage 
::'VO/toT 
- 
-1.2 
- 
mV/oC 


{l0: 
5.0 mA, OoC" 
TA " +1250CI 


Peak Output Current 
10 
- 
700 
- 
mA 
ITJ: 
250CI 


LlOe Regulation - 
The change In output voltage for a change 10 
the input voltage. 
The measurement IS made under conditions of 
low diSsipation or by USIngpulse technIquessuch that the average 
chip temperature 
IS not slgn.t.cantly affected. 
Output 
Noise Voltage - 
The rms ac voltage at the output. with 
constant load and no input ripple, measured over a specified fre- 
quency range. 


Long Term Stability - 
Output voltage stabIlity under accelerated 
life test conditions with the maximum rated voltage listed in the 
devices' electrical characteristics and maximum power dissipation. 


TYPICAL 
PERFORMANCE 
CURVES 


FIGURE 
1 - WORST CASE POWER DISSIPATION 
FIGURE 2 - WORST CASE POWER DISSIPATION 


versus 
AMBIENT 
TEMPERATURE 
versus 
AMBIENT 
TEMPERATURE 
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DlSjgn Consid •• 
tKJns 
The MC78MOOCSeriesof fixed voltage regulators are designed 
with 
Thermal Overload Protection 
that 
shuts down 
the circuit 
when subtected to an excessivepo\l\leroverload condition, 
Internal 
Short·Circuit 
Protection that limits the maximum current the cir· 
cuit will pass,and Output TransIstor Safe-Area Compensation that 
reduces the output 
short-circuit 
currv-~ as the voltage across the 


pass tranSistor IS Increased. 
.~ 


In many tow current applications, compensation capacitors are 


not required 
However, it 
IS recommended that 
the regulator 


Input be bypassed with 
a capacitor If the regulator ISconnected 


Constant 
Current 
to 
Grounded 
Load 


The MC7800C regulators can also be used as a current source 
when connected as above. In order to minimize diSSipation the 
MC7805C IS chosen in this application 
Resistor R determines 
the current as follows 


5V 


10'" -A 
+ 
10 


IQ 
0: 1.5 mA over line and load changes 


For example. a 500 mA current source 'o'YOuldrequire R to be a 
10-ohm, 10-W resistor and the output voltage compliance would 
be the input voltage less 7 volts. 


MJ2955 
or 
EQUI\l 
'~"'~+ 
" 
."j""' 
""'""' 


10JJFI 
-= 
I01/JF 


-=- 
-= 


The MC78MOOCseriescan be current boosted with a PNP transis- 
tor. 
The MJ2955 provides current 
to 50 
amperes. 
Resistor R 


In conjunction 
With the VSE of the PNP dptermlnes when the 


pass transistor begins conoucwlg; 
thiS CtrcUlt is not stlOrt-ClfCUlt 
proof. 
Input·output 
differential 
voltage minimum 
is lncre"8sedby 


VSE of the passtranSistor 


to the power supply filter 
with long wire lengths, or If the output 


load capacitance is large. 
An input 
bypass capacitor should be 


selected to provide good hIgh-frequency characteristics to insure 
stable operation 
under all load conditions. 
A 0.33 JJF or larger 


tantalum, mylar, or other capacitor having low Internal impedance 
at high frequencies should be chosen. The bypass capacitor should 
be mounted with the shortest possible leadsdirectly across the reg- 
ulators input 
terminals, 
Normally 
good construction 
techniques 


should be used to minimize ground loops and lead resistancedrops 
since the regulator has no external senselead. 


The addition 
of 
an operational 
amplifier 
allows adjustment 
10 
higher or IntermedIate values while retaining regulatIon characl~r 
IstICS. The minimum 
voltage obtaInable With thIS arrangement 
1<; 


2.0 volts greater ~hanthe regulator voltage 


The circuit of Fig\lt'e 7 can be modified to provide supply protec- 
tion against short CirCUitsby adding a short-CirCUIt sense resistor, 
Asc,and an addItional 
PNP tranSistor. 
The current sensing PNP 
must be able to 
handle the ShOrl-ClrcUlt current 
of 
the three 


terminal 
regulator. 
Therefore. a t'NO-ampere plastic power tran- 


SIstor 1$ speCified 


MC7900C SERIES THREE-TERMINAL 
NEGATIVE 
VOLTAGE 
REGULATORS 


The 
MC7900C 
Series 
of 
fixed 
output 
negative 
voltage 
regulators 


are intended 
as complements 
to the 
popular 
MC7800C 
Series 
devices. 


These 
negative 
regulators 
are 
available 
in 
the 
same 
seven-voltage 


options 
as 
the 
MC7800C 
devices. 
In 
addition, 
two 
extra 
voltage 


options 
commonly 
employed 
in 
MECL 
systems 
are 
also 
available 


in the 
negative 
MC7900C 
Series. 


Available 
in fixed 
output 
voltage 
options 
from 
-2.0 
to 
-24 
volts, 


these 
regulators 
employ 
current 
limiting, 
thermal 
shutdown, 
and 


safe-area 
compensation 
- 
making 
them 
remarkably 
rugged 
under 


most 
operating 
conditions. 
With 
adequa:e 
heat·sinking 
they 
can 


deliver 
output 
currents 
in excess 
of 
1.0 ampere. 


• 
No 
External 
Components 
Required 


• 
Internal 
Thermal 
Overload 
Protection 


• 
Internal 
Short-Circuit 
Current 
limiting 


• 
Output 
Transistor 
Safe-Area 
Compensation 


• 
Packaged 
in the 
Plastic 
Case 221 A and 
Case 1 


(TO·220 
and 
Hermetic 
TO·31 


DEViCE TYPEINOMINAL 
OUTPUT VOLTAGE 


MC7902C 
- 2.0 Volts 
MC7906C 
- 6.0 Volts 
MC7915C 
- 15 Volts 
MC7905C 
- 5.0 Volts 
MC7908C 
- 8.0 Volts 
MC1918C 
- 18 Volts 
MC790S.2C 
- 
5.2 Volts 
MC7912C 
- 12 Volts 
MC7924C 
- 24 Volts 


MC7900C 
Series 


THREE-TERMINAL 
NEGATIVE 
FIXED 


VOLTAGE 
REGULATORS 


K SUFFIX 


METAL 
PACKAGE 
CASE 1 


(TO·3 
TYPE) 


T SUFFIX 


PLASTiC 
PACKAGE 
CASE 
221A 


Pin 
1. 
Ground 


2 
Input 
3. 
Outout 


(Heatsink 
surface 


connected 
to 
Pin2) 


A 
common 
ground 
is required 
between 
the 


input 
and 
the 
output 
voltages. 
The 
input 
"olt- 


age must 
remain 
typically 
2.0 
V more 
negative 


even 
during 
the 
high 
point 
on 
the 
input 
ripple 


voltage. 


XX 
:: these 
two 
digits 
of 
the 
type 
number 
indio 


cate voltage 


• :: Cin 
is required 
if 
regulator 
is located 
an 
appreciable 
distance 
from 
power 
supply 


filter. 


•• 
'" Co 
improves 
stability 
and 
transient 
re- 


sponse. 


ORDERING 
INFORMATION 


DEVICE 
I TEMPERATURE 
RANGE I 
PACKAGE 


MC79XXCK 
I 
T J " 00 
C 10 -to 1500 
C 
I 
Metal 
Power 


MC79XXCTI 
TJ""OoCIO+150oC 
I PlastiC 
Power 


XX 
indicates 
nominal 
voltage 


Rating 
Symbol 
Value 
Unit 


Input 
Voltage 
(2.0 V - 
18 VI 
VI 
-35 
Vdc 


(24 VI 
-40 


Power Dissipation 
Plastic Package 
TA 
= +250C 
Po 
Internally 
Limited 
Watts 


Derate above T A = +2SoC 
1/ROJA 
15.4 
mW/oC 


TC = +250C 
Po 
Internally 
limited 
Watts 


Derate above TC = +950C 
(See Figure 
11 
1/ROJC 
200 
mW/oC 


Metal Package 


TA 
+250C 
Po 
Internally 
Limited 
Watts 


Derate above TA 
0- +2SoC 
1/ROJA 
22.2 
mW/oC 


TC 
+250C 
Po 
Internally 
Limited 
Watts 


Derate above Tr. 
+6SoC 
l/ROlr 
182 
mW/oC 


Storage Temperature 
Range 
T$tO 
-6510+150 
°c 


Junction Temperature 
Range 
TJ 
o to +150 
°c 


Characteristic 
Svmbol 
Max 
Unit 


Thermal 
ReSIstance. Junction to AmbIent 
-- Plastic Package 
ROJA 
65 
°C/W 


- 
Metal Package 
45 


Thermal 
Resistance. Junction to Case 
.- Plastic Package 
ROJC 
5:0 
°C/W 


_. Metal Package 
5.5 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
(TJ = +250CI 
Vo 
-1.92 
-2.00 
-2.08 
Vdc 


Line Regulation 
Regllne 
mV 


(TJ = +250C, 
'0 
= 100 mAl 
-7.0 
Vdc;;' 
V, 
;;. -25 Vdc 
- 
8.0 
20 


-8.0 
Vdc;;' 
VI 
;;'-12 
Vdc 
- 
4.0 
10 


(TJ = +250C, 10 = 500 mAl 
-7.0 
Vdc;;' 
VI 
;;'-25 
Vdc 
- 
18 
40 


-8.0 
Vdc;;' 
VI 
;;'-12 
Vdc 
- 
8.0 
20 


Load Regulation 
Regload 
mV 
TJ = +250C. 5.0 mA .;;; 10';;; 1.5 A 
- 
70 
120 


250 mA .;;; 10 .;;;750 mA 
- 
20 
60 


Output 
Voltage 
Vo 
-1.90 
- 
-2.10 
Vdc 
-7.0Vdc;;'VI 
;;'-20 
Vdc. 5.0 mA ';;;10';;; 
1.0 A. P';;; 15 W 


Input Bias Current 
(T J = +250CI 
118 
- 
4.3 
8.0 
mA 


Input Bias Current 
Change 
~'18 
mA 
-7.0 Vdc;;' 
VI 
~ 
-2S 
Vdi: 
- 
- 
13 


5.0mA';;;'0';;;1.5A 
- 
- 
0.5 


Output 
No,se Voltage 
IT A = +25oC, 
10Hz 
';;;' .;;; 100 kHz! 
eon 
- 
40 
- 
~V 


Long-Term 
Stability 
tJ,VO/tJ,t 
- 
- 
20 
mV/1.0k 
Hrs 


R,pple 
Reject,on 
(to = 20 mA. , = 120 Hzl 
RR 
- 
65 
- 
d8 


Input-Output 
Voltage Differential 
lVI-Vol 
- 
3.5 
- 
Vdc 
10 = 1.0 A, TJ = +250C 


Average Temperature 
CoeffiCient of Output 
Voltage 
~VO/~T 
- 
-1.0 
- 
mV/oC 


10 = 5.0 mA. COc ';;;TA 
'" +1250C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage ITJ = +250CI 
Vo 
-4.8 
-50 
-5.2 
Vdc 


Line Regulation 
Regline 
mV 
{TJ = +250C. '0 
= 100 mAl 


-7.0 Vdc;;;' V, ;;;.-25 Vdc 
- 
7.0 
50 


-8.0Vdc;;;' 
VI ;;;'-12Vdc 
- 
2.0 
25 


ITJ = +250C, '0 
= 500 mAl 
-7.0Vdc;;;' 
VI ;;;'-25 Vdc 
- 
35 
100 
-8.0 Vdc;;;' VI ~-12Vdc 
- 
8.0 
50 


Load Regulation 
Regload 
mV 


TJ = +250C, 5.0mA ';;10';; 
1.5 A 
- 
11 
100 
250 mA .;; '0';; 
750 mA 
- 
4.0 
50 


Output 
Voltage 
Vo 
-475 
- 
-5.25 
Vdc 


-70 
Vdc;;;' VI ;;;.-20 Vdc, 50 mA .;; 10";; 10 A, P .;; 15 W 


In~ut 
Bias Current 
(TJ 
= -+2SoC) 
liB 
- 
43 
8.0 
mA 


Input Bias Current Change 
"IB 
mA 


-7.0 Vdc ~ Vln ~-25 
Vdc 
- 
- 
13 
5.0 mA ';;10';; 
1.5 A 
- 
- 
0.5 


Output 
NOise Voltage IT A = -+250C, 10 Hz ~f 
~ 
100 kHz) 
eon 
- 
40 
- 
~V 


Long·Term StabilIty 
~VO/~l 
- 
- 
20 
mV/l0 
k Hrs 


Ripple Rejection 
(10 ~ 20mA,f 
""120Hz) 
RR 
- 
70 
- 
d8 


t nput·Output 
Voltage Differential 
IV,-VOI 
- 
2.0 
- 
Vdc 


10 = 1.0 A, TJ = +250C 


.Average Temperature 
Coeff,clent 
of Output 
Voltage 
'VO/.'T 
- 
-1.0 
- 
mV/oC 


10 = 5.0 mA, aGC';;TA ';;+1250C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage (T J = -+25°C) 
Vo 
-5.0 
-5.2 
-5,4 
Vdc 


Line Regulation 
Regline 
mV 
ITJ = +250C, 10 = 100 mAl 
-7.2 Vdc;;;' VI ;;;.-25 Vdc 
- 
8.0 
51 
-8.0 Vdc;;;' VI ;;;'-12 Vdc 
- 
2.2 
27 


ITJ = +250C, '0 
= 500 mAl 
-72 Vdc;;;' VI ;;;.-25 Vdc 
- 
37 
105 


-8.0Vdc;;;' 
VI ;;;'-12Vdc 
- 
8.5 
52 


Load Regula tlon 
Regload 
mV 
TJ = +250C, 5.0 mA ';;;10';; 1.5 A 
- 
12 
105 
250 mA ';;10 ';;750 mA 
- 
4.5 
52 


Output 
Voltage 
Vo 
-4.94 
- 
-5,46 
Vdc 


-7,2 Vdc;;;' VI ;;;'-20 Vdc, 5.0 mA';; 10';; 10 A, P ';;15 W 


Input Bias Current 
{TJ = +250CI 
liB 
- 
43 
8.0 
mA 


Input Bias Curre!"t Change 
611B 
mA 


-7.2 Vdc;;;' VI ;;;.-25 Vdc 
- 
- 
1.3 
5.0 mA .;; 10';; 1.5 A 
- 
- 
0.5 


Output 
NOise Voltage (TA'" 
-+250C, 10Hz 
~f 
~l00kHz) 
eon 
- 
42 
- 
~V 


Long-Term 
StabilIty 
tJ.VO/tJ.! 
- 
- 
20 
mV/1.0k Hrs 


R,pple Reject,on 1i0 = 20mA,f 
= 120Hz) 
RR 
- 
68 
- 
dB 


Input-Output 
Voltage Differential 
lVI-VOl 
- 
2.0 
- 
Vdc 
10 = 1.0A,TJ 
= +250C 


Average Temperature 
CoeffICient of Output 
Voltage 
r'<VO/6T 
- 
-1.0 
- 
mVfJC 
10 = 5.0mA,aGC';;TA 
';;+1250C 


eMr.ct •. istic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
IT J = +25oCI 
Vo 
-5.75 
-6.0 
-6.25 
Vdc 


Line Regulation 
Regline 
mV 


IT J = +250C, 
10 • 
100 mAl 


-8.0 
Vdc ~ 
V I ~ -25 
Vdc 
- 
9.0 
60 


-9.0 
Vdc ~ 
VI 
~-13 
Vdc 
- 
3.0 
30 


IT J : +250C, 
10 = 500 mAl 
-8.0 
Vdc ~ 
V I ~ -25 
Vdc 
- 
43 
120 


-9.0Vdc~ 
VI 
~-13Vdc 
- 
10 
60 


Load Regulation 
Regload 
mV 


TJ = +250C, 
5.0 mA <:;;10 <:;; 1.5 A 
- 
13 
120 


250 mA <:;;10 <:;; 750 mA 
- 
5.0 
60 


Output 
Voltage 
Vo 
-5.7 
- 
-6.3 
Vdc 


-8.0 
Vdc ~ 
VI 
~-21 
Vdc, 5.0 mA <:;;10 <:;;1.0 A, P <:;;15 WI 


Input Bias Current 
(T J - +2SoCI 
liB 
- 
4.3 
8.0 
mA 


Input Bias Current 
Change 
611B 
mA 


-8.0 
Vdc ~ 
V I ~ -25 
Vdc 
- 
- 
1.3 


5.0 mA <:;;10 <:;;1.5 A 
- 
- 
0.5 


Output 
No,se Voltage 
ITA: 
+250e, 
10 Hz <:;;1<:;;100 kHzl 
eon 
- 
45 
- 
"V 


Long-Term 
Stability 
aVO/at 
- 
- 
24 
mV/l0kHrs 


R,pple 
Reject;on 
(10 = 20 mA, 1 = 120 Hz! 
RR 
- 
65 
- 
dB 


Input-Output 
Voltage 
Differential 
lVI-VOl 
- 
2.0 
- 
Vdc 


10 = LOA, 
TJ = +250e 


A •..•erage TemperattJre 
Coefficient 
of Output 
Voltage 
o.VO/6T 
- 
-1.0 
- 
mv/oe 


10 = 5.0mA, 
COe <:;;TA <:;;+1250e 


Characteristic 
Symbol 
Min 
Typ 
Max 
·Unit 


Output 
Voltage 
IT J = +250e! 
Va 
-7.7 
-8.0 
-8.3 
Vdc 


Line Regulation 
Regline 
mV 


IT J = +250C, 
10.= 
loomA! 


-10.5 
Vdc~ 
VI 
~-25 
Vdc 
- 
12 
80 


-11 
Vdc~ 
VI 
~ 
-17 
Vdc 
- 
5.0 
40 


IT J = +250e, 
10 = 
500 mAl 


-10.5 
Vdc ~ 
VI 
~-25 
Vdc 
- 
50 
160 


-11 
Vdc ~ 
V I ~ 
-17 
Vdc 
- 
22 
80 


Load Regulation 
Regload 
mV 


TJ = +250e, 
5.0 mA <:;;10 <:;;1.5 A 
- 
26 
160 


250 mA <:;;10 <:;;750 mA 
- 
90 
80 


Output 
Voltage 
Va 
-7.6 
- 
-8.4 
Vdc 
-10.5 
Vdc ~ 
VI 
~ -23 
Vdc, 
5.0 mA <:;;10 <:;; 1.0A,P<:;;15W 


Input Bias Current 
(T J = +2SoC) 
liB 
- 
4.3 
8.0 
mA 


Input Bias Current 
Change 
611B 
mA 


-10.5 
Vdc ~ 
VI 
~-25 
Vdc 
- 
- 
1.0 


5.0mA<:;;10<:;;1.5A 
- 
- 
0.5 


Output 
No"e 
Voltage 
(T A = +250e, 
10 Hz <:;;1<:;;100 kHz! 
eon 
- 
52 
- 
"V 


Long·Term 
Stability 
avO/t>.t 
- 
- 
32 
mV/l.0k1-lrs 


R;pple 
Rejection 
(10 = 20 mA, 1 = 120 Hzl 
RR 
- 
62 
- 
dB 


Input.Qutput 
Voltage Differential 
lVI-VOl 
- 
2.0 
- 
Vdc 


10' 
LOA, 
TJ = +250e 


Average Temperature 
Coefficient 
of Output 
Voltage 
6VO/6T 
- 
-1.0 
- 
mV/oe 


10' 
5.0 mA, COe <:;;TA .o;+1250e 


Ch.'.et 
••..istic 
Symbol 
Min 
Typ 
MIIX 
Unit 


Output 
Voltage ITJ = +25oCI 
Vo 
-11.5 
-12 
-12.5 
Vdc 


Line Regulation 
Aegline 
mV 


ITJ = +250C, 10 = 100 mAl 
-14.5 
Vdc;;;> VI ;;;>-30 Vdc 
- 
13 
120 


-16 Vdc;;;> VI ;;;>-22 Vdc 
- 
6.0 
60 


ITJ = +250C, 10 = 500 mAl 
-14.5 
Vdc;;;> VI ;;;>-30 Vdc 
- 
55 
2<\0 
-16 Vdc;;;> VI ;;;>-22 Vdc 
- 
24 
120 


Load Regulation 
Regload 
mV 
TJ = +250C, 5.0 mA <;;;10 <;;;1.5 A 
- 
46 
240 
250 mA <;;;10 <;;;750 mA 
- 
17 
120 


Output 
Voltage 
Vo 
-11.4 
- 
-12.6 
Vdc 


-145 
Vdc;;;> VI ;;;>-27 Vdc, 5.0mA 
<;;;10 <;;;10A, 
P <;;;15W 


Input Bias Current IT J = +2SoC) 
liB 
- 
4.4 
8.0 
mA 


Input Bias Current Change 
"'IB 
mA 


-14.5 Vdc;;;> VI ;;;>-30 Vdc 
- 
- 
1.0 


5.0mA 
<;;;10 <;;;1.5 A 
- 
- 
0.5 


Output 
NOise Voltage (TA = +2SoC. 10 Hz ~f 
~ 100 kHz) 
eon 
- 
75 
- 
~V 


Long-Term Stability 
AVO/At 
- 
- 
4B 
mV/l.0 
k Hrs 


R'pple Reject,on 
(10 = 20 mA, 1 = 120 Hzl 
RR 
- 
61 
- 
dB 


Input-Output 
Voltage Differential 
lVI-VOl 
- 
2.0 
- 
Vdc 


10 = 1.0A, 
TJ = +250C 


Average Temperature 
Coefficient 
of Output 
Voltage 
"'VO/"'T 
- 
-1.0 
- 
mVt>C 
10 = 5.0mA, 
OOC<;;;TA <;;;+1250C 


Chlireet ••..istic 
Symbol 
Min 
Typ 
MIIX 
Unit 


Output 
Voltage ITJ = +250CI 
Vo 
-14.4 
-15 
-15.6 
Vdc 


Line Regulation 
Regime 
mV 


ITJ = +250C, 10 = 100 mAl 
-17.5 
Vdc;;;' VI ;;;'-30 
Vdc 
- 
14 
150 


-20 Vdc;;;' VI ;;;>-26 Vdc 
- 
6.0 
75 


ITJ = +250C, '0 
= 500 mAl 
-17.5 
Vdc;;;> VI ;;;>-30 Vdc 
- 
57 
300 


-20 Vdc;;;> VI ;;;>-26 Vdc 
- 
27 
150 


Load Regulation 
Regload 
mV 
TJ = +250C, 5.0 mA <;;;10 <;;;1.5 A 
- 
68 
300 
250 mA <;;;10 <;;;750 mA 
- 
25 
150 


Output 
Voltage 
Vo 
-14.25 
- 
-15.75 
Vdc 
-17.5 
Vdc;;;> V, ;;;>-30 Vdc, 5.0 mA <;;;10 <;;;1.0 A, P <;;;15 W 


Input Bias Current (T J - +2SoC) 
'IB 
- 
4.4 
8.0 
mA 


Input Bias Current Change 
"'liB 
mA 
-17.5 Vdc;;;> VI ;;;>-30 Vdc 
- 
- 
1.0 
5.0 mA <;;;10 <;;;1.5 A 
- 
- 
0.5 


Output 
Noise Voltage ITA = +25oC, 10 Hz <;;;1<;;;100 kHzl 
eon 
- 
90 
- 
~V 


Long-Term Stability 
AVO/At 
- 
- 
60 
mV/l.0 
k Hrs 


Ripple Rejoction 
(10 = 20 mA, f = 120 Hzl 
RR 
- 
60 
- 
dB 


Jnput-Cutput 
Voltage Differential 
IV,-VOI 
- 
2.0 
- 
Vdc 
10 = LOA, TJ = +250C 


Average Temperature 
Coefficient 
of Output 
Voltage 
"'VO/"'T 
- 
-1.0 
- 
mliFC 
10 = 5.0 mA, OOc <;;;TA <;;;+1250C 


Chliraet.istic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage (TJ = +250CI 
Vo 
-17.3 
-18 
-18.7 
Vdc 


line 
Regulation 
Aegline 
mV 
(TJ = +250C. 10.,00 
mAl 
-21 Vdc;;' 
VI ;;>-33Vdc 
- 
25 
180 
-24 Vdc;;' 
VI ;;>-30 Vdc 
- 
10 
90 


(TJ = +25oC.IO 
= 500 mAl 


-21 Vdc;;' VI ;;. -33 Vdc 
- 
90 
360 
-24 Vdc;;' 
VI ;;'-30 Vdc 
- 
50 
180 


load 
Regulation 
Reg'oad 
mV 
TJ = +250C. 5.0 mA ';;;10';;; 1.0A 
- 
11(1 
360 


250 mA ';;;10 ';;;750 mA 
- 
55 
180 


Output 
Voltage 
Vo 
-17.1 
- 
-18.9 
Vdc 


-21 Vdc;;'VI 
;;'-33 
Vdc.5.0mA';;;IO';;;1.0A. 
P';;;15W 


Input Bias Current 
(T J = +2SoC) 
liB 
- 
4.5 
80 
mA 


Input Bias Current 
Change 
"'IB 
mA 


-21 Vdc;;' VI ;;. -33 Vdc 
- 
- 
1.0 


5.0mA';;;10';;;1.0A 
- 
- 
0.5 


Output NooseVoltage iTA· 
+250C. 10 Hz';;;l .;;;100 kHzl 
eon 
- 
110 
- 
"V 


Long-Term 
Stability 
t.Vo It'" 
- 
- 
72 
mV/1.0k Hrs 


Ripple Rejection (10 = 20 mA. 1 = 120 Hz) 
RR 
- 
59 
- 
dB 


Input Output 
Voltage Differential 
lVI-VOl 
- 
2.0 
- 
Vdc 
10 = 1.0 A. TJ = +250C 


Average Temperature 
Coefficient 
of Output 
Voltage 
6Vo/"T 
- 
-1.0 
- 
mV/oC 
10 = 5.0 mA. oOc ';;;TA ';;;+1250C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage (TJ = +250CI 
Vo 
-23 
-24 
-25 
Vdc 


Line Regulation 
Regline 
mV 


lTJ = +250C.10 
= 100mA) 
-27 Vdc;;' VI ;;'-38 
Vdc 
- 
31 
240 


-30 Vdc;;' VI ;;'-36 
Vdc 
- 
14 
120 


iTJ = +250C. 10 • 500 mAl 
-27 Vdc;;' VI ;;'-38 
Vdc 
- 
118 
480 


-30 Vdc;;' V, ;;'-36 
Vdc 
- 
70 
240 


Load Regulation 
Reg'oad 
mV 


TJ • +250C. 5.0 mA .;;;10';;; 1.0 A 
- 
150 
480 


250 mA .;;;11"1.;;;750 mA 
- 
85 
240 


Output Voltage 
Vo 
-22 8 
- 
-252 
Vdc 


-27 Vdc;;' 
VI ;;'-38 
Vdc. 5.0 mA';;; In';;; 1.0 A. P';;; 15 W 


-1=80 
Input Bias Current 
(T 
= +250C) 
II" 
- 
40 
mA 


Input Bias Current 
Change 
6118 
mA 
-27 Vdc;;' VI ;;'-38 
Vdc 
- 
- 
! 
1.0 


5.0 mA .;; 10 .;;;1.0 A 
- 
- 
0.5 


Output Noise Voltage iTA = +25oC. 10 Hz';;;I';;; 100 kHzl 
eon 
- 
170 
- 
"V 


Long-Term 
Stability 
6VO/t.t 
- 
--- _96 
mV/l.0k 
Hrs 


Ripple Rejection (10 = 20 mA. 1 = 120 Hzl 
RR 
- 
56 
- 
dB 


Input-output 
Voltage Differential 
lVI-VOl 
- 
2.0 
- 
Vdc 


10 = 1.0A. TJ' 
+25oC 
._- 
Average Temperature 
Coefficient 
of Output 
Voltage 
6VO/"T 
- 
-1.0 
- 
mV/°r. 


10 = 5.0 mA. oOc ';;;TA ';;;+1250C 


TYPICAL 
CHARACTERISTICS 
(T A ~ >250C unless otherwise 
noted.1 


FIGURE 
1 - 
WORST CASE POWER DISSIPATION 
AS A 
FUNCTION 
OF AMBIENT 
TEMPU1ATURE 
nO·220) 
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FIGURE 
2 - 
WORST CASE POWER DISSIPATION 
AS A 
FUNCTION 
OF AMBIENT 
TEMPERATURE 
(TO·3) 
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DEFINITIONS 


Line Regulation 
-. The change In output 
voltlQe for a chlnge 
In 


the Input 
voltage. 
The meesurement 15 made under conditions of 
low 
dissipation 
or 
bV uSing 
pulse 
techniques 
such 
that 
the werege 
chip temperature 
IS not significantly 
.ffected. 


Output 
NOise 
Voltage 
- 
The 
rms 
ae vcltage 
at the 
output, 
with 
constant load and no Input 
ripple. measured over a specified fre- 


Quency 
range. 


Long 
Term 
Stabilltv 
Output 
•.••oltage 
stability 
under 
accelerated 


life 
test 
cond,tlons 
with 
the 
maximum 
rated 
voltage 
listed 
In the 


deVices' 
electrical 
characteristiCS 
and 
maximum 
power 
diSSipation 


Design ConsideratIons 


The 
MC7900c 
Series 
of 
fixed 
voltage 
regulators 
are designed 
with 
Thermal 
Overload 
Protection 
thai 
shuts 
down 
the 
CirCUit 


when 
subjected 
to an el<ceSSlve power 
overload 
condition. 
Internal 


Short 
CIrCUIt 
ProtectIon 
that 
limits 
the 
maxImum 
current 
the Clr 


CUlt will 
pass. and Output 
TranSistor 
Safe-Area 
CompensatIon 
that 


reduces 
the 
output 
short·Clrcult 
current 
as the 
voltage 
across 
the 
pass tranSistor 
'S ,ncreased 


!n many 
low 
current 
apn11catlons. 
compensatIon 
capacitors 
are 


not 
required 
Howt'ver. 
If 
IS recommended 
that 
the 
regulator 


Input 
he 
bypassed 
with 
a capacItor 
If 
the 
regulator 
IS connected 


The MC7902. 
-2 
0 V rt'gulator 
can be used as a constant 
current 


source 
when 
connected 
as aoove 
The output 
current 
IS the sum of 


reSistor 
A current 
and QUiescent 
bias current 
as follows 


The 
qUiescent 
current 
for 
thiS 
regulator 
IS typically 
4.3 
mA. 


The 
20 
volt 
regulator 
was chosen 
to 
minimize 
dissipation 
and 
to 
aliow 
the 
output 
VOltage 
to 
operate 
to 
Within 
60 
V 
below 
the 


tnput 
VOltage 


+20 v 
+15 
v 
Input 
Output 


033 
j.JF 
1N400t 
or 
Equlv 


Gnd 
Gnd 


~20 V 
-15 
V 


Input 
Output 


The MC7815 
and 
MC7915 
poSitive 
and negative 
regulators 
may 
be connected 
as shoV\ll') to 
obtatn 
a dual 
power 
supply 
for 
oper- 


atIonal 
amplifIers. 
A 
clamp 
diode 
should 
be used at the output 
of 


the MC7815 
to prevent 
potential 
latch-up 
problems. 


to 
the 
power 
supply 
fdter 
With 
long 
wire 
lengths, 
or 
If the output 


load 
capacitance 
IS large 
An 
Input 
bypass 
capacitor 
should 
be 


selected 
to 
provH;e 
good 
high 
frequency 
characteflstlcs 
to 
Insure 


stable 
operation 
under 
all 
load 
conditions 
A 
0.33 
~F 
or 
larger 
tantalum, 
mylar, 
or other 
capacitor 
having 
low 
IIlternal 
Impedance 


at high 
frequencies 
should 
be chosen. 
The bypass 
capacitor 
should 


be mounted 
with 
the shortest 
possible 
leads directly 
across 
the 
reg- 


ulators 
input 
terminals. 
Normally 
good 
construction 
techniques 


should 
be 
used 
to 
minimize 
ground 
loops 
and 
lead 
resistance 


drops 
since 
the regulator 
has no external 
sense lead 
BypaSSing 
the 


output 
IS also recommended 


• Mounted 
on common 
heat sink 
Motorola 
MS 
10 or eQUivalent 


When 
a boost 
tranSistor 
IS used, short'Clrcult 
currents 
are equal 
to 
the 
sum 
of 
the 
series 
pass 
and 
regulator 
limits. 
which 
are 
measured 
at 3.2 
A 
and 
1.8 
A respectIvely 
In thiS case 
Series pass 


IImltmg 
is approximately 
equal 
to 
06 
V/ASC. 
Operation 
beyond 
thiS point 
to 
the 
peak 
current 
capability 
of 
the 
MC7905C 
IS pJs- 


SIble if 
the 
regulator 
IS mounted 
on a heat 
Sink; otherWIse 
thermal 


shutdown 
will 
occur 
when 
the additional 
load current 
is pIcked 
up 


by the regulator. 


FIGURE 
11 - 
TYPICAL 
MECL 
SYSTEM 
POWER 
SUPPLY 


1-5.2 V @ 4.0 A and -2.0 V @ 2.0 A; for PC Boardl 


-12 
V 
-5.2 
V 


When current-boost 
power 
transistors 
are used, 47-ohm 
base·to- 
emitter 
resistors 
lAI 
must 
be used to bypass 
the quiescent 
current 


at 
no 
load. 
These 
resistors. 
In conjunction 
with 
the 
VSE 
of 
the 
NPN 
tranSistors, 
determine 
when 
the 
pass transistors 
begin 
con- 


ducting. 
The 
l·ohm 
and 
4-ohm 
droppmg 
resistors 
were 
chosen 
to 


reduce 
the 
power 
dissipated 
in the 
boost 
transistors 
but 
still 
leave 


at least 
2.0 
V across 
these devices 
for 
good 
regulation. 


THREE·TERMINAL 
NEGATIVE 
VOLTAGE 
REGULATORS 


The MC79LOO Series negative voltage regulators are inexpensive, 


easy-te-use 
devices 
suitable 
for 
numerous 
applications 
requiring 
up to 
100 mA. Like the higher powered MC7900 Series negative regulators, 


this 
series 
features 
thermal 
shutdown 
and 
current 
limiting, 
making 
them 
remarkably 
rugged. In most applications, 
no external 
com- 


ponents 
are requ ired 
for 
operation. 


The MC79LOO devices are useful for on-card regulation 
or any 


other 
application 
where 
a 
regulated 
negative 
voltage 
at 
a modest 


current level is needed. These regulators offer substantial advantage 


over 
the 
common 
resistor Izener 
diode 
approach. 


• 
No External Components Required 


• 
Internal 
Short-Circuit 
Current 
Limiting 
• 
Internal Thermal Overload Protection 


• 
Low Cost 


• 
Complementary 
Positive Regulators Offered 
IMC78LOO Series) 


• 
Available in Either ±5% lAC) or ±10% IC) Selections 


R6 
RS 


R9 
R,a 
R, 


R7 


0' 
R4 


R2 


Z, 


RJ 


MC79LOOC,AC series 


THREE-TERMINAL 
NEGATIVE 
FIXED 
VOLTAGE 
REGULATORS 


P SUFFIX 


CASE 
29 
TO-92 
.f 


2 J 


Pin 
1. 
Ground 
2. 
Input 
3. Output 


G SUFFIX 


CASE 
79 


TO-39 
!II 


1 


I~J 


(Case connected 
L-:J 


to 
pin 
3) 


Pin 1. 
Ground 


2. 
Output 
3. 
Input 


Device 
No. 
Device 
No. 
Nominal 


,10% 
!5% 
Voltage 


MC79L03C 
MC79L03AC 
-30 
MC79L05C 
MC79L05AC 
-50 


MC79L 12C 
MC79L 12AC 
- 12 
MC79L lSC 
MC79L 15AC 
- 15 
MC79L 18C 
MC79L '8AC 
-·18 


MC79L24C 
MC79L24AC 
24 


A 
common 
ground 
IS required 
between 
the 


Input 
and 
the 
output 
vOltages. 
The 
Input 
volt· 


age must 
remain 
typIcally 
2.0 
V above 
the Out· 


put 
voltage 
even 
dUring 
the 
low 
pOint 
on 
the 


Input 
ripple 
voltage. 


C I 
is required 
if 
r.gulator 
is located 
an 


appreciable 
distance 
from 
power 
supply 
filter. 


ORDERING 
INFORMATION 


Device 
Temper.tur. 
Range 
Package 


MC79LXXACG 
Tj 
= OOC to +1500C 
Metal 
Can 


MC79LXXACP 
TJ 
= OOCto t1500C 
Plastic 
Povwr 


MC79LXXCG 
Tj = OOC to +1500C 
Metal 
Can 


MC79LXXCP 
TJ = OOCto +1500C 
~astic 


Power 


XX 
indicates 
nominal 
volta •.•••. 


Rating 
Symbol 
Value 
Unit 


Input Voltage 
1-3,-5 VI 
V, 
-30 
Vdc 
1-12,-15,-18 
VI 
-35 


1-24 VI 
-40 


Storage Temperature 
Range 
T,tg 
-65 to +150 
°c 


Junction Temperature 
Range 
TJ 
o to +150 
°c 


MC79L03C, 
AC ELECTRICAL 
CHARACTERISTICS 
IVI 
= -to 
V, 10 = 40 mA, 
CI = 033 
"F, 
Co 
= 01 "F, 


DoC < TJ < +1250C 
unless otherwise noted,) 


MC79L03C 
MC79L03AC 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Output 
Voltage fT J ""-t 25°C 
I 
Va 
-2.76 
-3.00 
-3.24 
-2.88 
-30 
-3.12 
Vdc 


Input RegulatIon 
Regline 
mV 


ITJ = +250CI 
-70 
Vdc" 
VI'~ 
-20 Vdc 
-- 
- 
80 
- 
- 
60 


-8.0 Vdc •• VI ~ -20 Vdc 
- 
- 
60 
- 
- 
40 


Load Regulation 
Reg'oad 
mV 


TJ = +250C,t.OmA 
<; 'a 
<; 100mA 
- 
- 
72 
- 
- 
72 


1.0 mA .;; 10 " 40 mA 
- 
- 
36 
t 
- 
36 


Output 
Voltage 
Va 
- 
Vdc 


-7.0 Vdc;> 
VI:;' 
-20 Vdc, 1.0 mA.;; 
10';; 40 mA 
-2.7 
- 
-33 
-285 
- 
-3.15 
V, = -10 Vdc, 1.0 mA <;10" 
70mA 
-2 7 
- 
-33 
-285 
- 
-3.15 


Input 
Bias Current 
liB 
mA 
IT J = +250CI 
- 
- 
6.0 
-- 
- 
60 
ITJ = +1250CI 
- 
- 
55 
- 
- 
5.5 


Input Bias Current Change 
-liB 
mA 


-8.0 Vdc ;;. V I ;;. -20 Vdc 
- 
- 
-1.5 
- 
- 
-1.5 
1.0 mA .;; 10 .;; 40 mA 
- 
- 
-0.2 
- 
- 
-0.1 


Output 
Noise Voltage 
VN 
- 
30 
- 
- 
30 
- 
"V 
(TA = +250C, 10 Hz <; f •• 100 kHzl 


Long-Term 
Stability 
".VO/At 
- 
10 
- 
- 
10 
- 
mV/l.0 
k Hrs. 


Ripple Rejection 
RR 
44 
51 
- 
45 
51 
- 
dB 
(-8.0;' 
VI 
;> -18 Vdc, f 
= 120 Hz, TJ = 250CI 


Input-Output 
Voltage 
Differential 
lVI-VOl 
- 
1.7 
- 
- 
1.7 
- 
Vdc 
10 = 40 mA, TJ = +250c 


MC79L05C, 
AC Series ELECTRICAL 
CHARACTERISTICS 
IVI 
= -10 V, 10 = 40 mA, 
CI = 0.33 ~F, Co 
= 0.1 ~F, 


OOC < T J < +12SoC 
unless otherwise 
noted.) 


MC79L05C 
MC79LOSAC 


Characteristic 
Symbol 
Min 
Typ 
MIx 
Min 
Typ 
MIx 
Unit 


Output 
Voltage IT J = +2SoCI 
Vo 
-4.6 
-5.0 
-5.4 
-4.8 
-5.0 
-5.2 
Vdc 


Input Regulation 
Regline 
mV 
IT J = +250CI 
-7.0 Vdc ;> VI;> -20 Vdc 
- 
- 
200 
- 
- 
150 


-8.0 Vdc ;> VI ;>-20 Vdc 
- 
- 
150 
- 
- 
100 


Load Regulation 
Regload 
mV 


TJ = +250C, 1.0 mA,;; 
10" 
100 mA 
- 
- 
60 
- 
- 
60 
1.0 mA ,;; 10 ,;; 40 mA 
- 
- 
30 
- 
- 
30 


Output 
Voltage 
Vo 
Vdc 


-7.0Vdc.;;> 
VI;> 
-20 Vdc,I.0mA';;10<;40mA 
-4.5 
- 
-5.5 
-4.75 
- 
-5.25 
VI 
= -10 Vdc, 1.0 mA" 
10';; 70 mA 
-4.5 
- 
-5.5 
-4.75 
- 
-5.25 


Input 
Bias 
Current 
liB 
mA 


ITJ = +250CI 
- 
- 
6.0 
- 
- 
6.0 


ITJ = +1250CI 
- 
- 
5.5 
- 
- 
5.5 


Input Bias Current Change 
"liB 
mA 
-8.0 Vdc ;;>V I ;> -20 Vdc 
- 
- 
1.5 
- 
- 
1.5 
1.0 mA ,;; 10 "40 
mA 
- 
- 
0.2 
- 
- 
0.1 


Output 
NOise Voltage 
VN 
40 
40 
~V 
ITA 
= +250C, 10 Hz <; f <; 100 kHzl 


Long-Term 
Stability 
t:.VO/6t 
- 
12 
- 
- 
12 
- 
mV/1.0k 
Hrs. 


RIpple Rejection 
RR 
40 
49 
- 
41 
49 
- 
dB 
1-8.0;;> VI;> 
18 Vdc, f = 120 kHz, TJ = 250CI 


Input-Output 
Voltage DIfferential 
lVI-VOl 
- 
1.7 
- 
- 
1.7 
- 
Vdc 
10 = 40 mA, TJ = +250C 


MC79L 12C, AC ELECTRICAL 
CHARACTERISTICS 
IVI 
= -19 V. 10 = 40 mA, CI = 0 33 ~F, Co = 01 ~F, 


OoC < T J < +12SoC 
unless 
otherwise 
noted.l 


MC79L12C 
MC79L 12AC 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
(T J :- +2S0CI 
Vo 
-11.1 
-12 
-12.9 
-11 5 
-12 
-125 
Vdc 


Input Regulation 
ReQltne 
mV 


IT J - t250CI 
-145 
Vdc 
• VI;' 
-27 Vdc 
- 
- 
250 
- 
- 
250 
-16 Vdc ~ VI ~ -27 Vdc 
- 
- 
200 
- 
- 
200 


Load Regulatton 
Regload 
mV 


TJ = +2SoC. 
1.0mA 
<;: 10,0;;;: 
lOOmA 
- 
- 
100 
- 
- 
100 


1.0 mA <; 10 <; 40 mA 
- 
- 
50 
- 
- 
50 


Output 
Voltage 
Vo 
Vdc 


-14.5 Vdc 
"p. VI ~ -27 Vdc. 1 OmA ~ 10 ~ 40 mA 
-10.8 
- 
-13.2 
-11.4 
- 
-126 
VI = -19 Vdc, 
10mA<;lo,,70mA 
-108 
- 
-13.2 
-11.4 
- 
-126 


Input Bias Current 
liB 
mA 


(T J = +250CI 
- 
- 
65 
- 
- 
6.5 


ITJ=+1250CI 
- 
- 
6.0 
- 
- 
6.0 


Input BIas Current Change 
·IIB 
mA 


-16 Vdc ;> VI;> 
-27 Vdc 
- 
- 
1 5 
- 
- 
1.5 


1.0 mA <; 10 " 40 mA 
- 
- 
0.2 
- 
- 
0.1 


Output 
NOise 
Voltage 
VN 
- 
80 
- 
- 
80 
- 
~V 
IT A = +250C, 10 Hz" 
f " 
100 "'Hzl 


Long-Term Stabtllty 
Co.VOIL;t 
- 
24 
- 
- 
24 
- 
mV/1.0 
k Hrs. 


Ripple RejectIon 
RR 
36 
42 
- 
37 
42 
- 
dB 


1-15 <; VI <; -25 Vdc, f" 
120Hz, TJ = +250Cl 


Input-Output 
Voltage Differential 
lVI-VOl 
- 
1.7 
- 
- 
1.7 
- 
Vdc 
10 = 40 mA, TJ = +250C 


MC79L15C. 
AC ELECTRICAL 
CHARACTERISTICS 
IVI 
= -23 V. 10 = 40 mA, 
CI = 0.33 "F, Co 
= 0.1 "F, 
oDe < T J < + 12SoC 
unless 
otherwise 
noted.) 


MC79L 15C 
MC79L15AC 


ChancteriUic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Output 
Vol,age 
IT J - +250C) 
Vo 
-13.8 
-15 
-16.2 
-14.4 
-15 
-15.6 
Vdc 


Input Regulation 
RegIme 
mV 


IT J - +250CI 
-175Vdc·· 
VI 
30 Vdc 
- 
- 
300 
- 
- 
300 


-20 Vdc 
. VI '-30 
Vdc 
- 
- 
250 
- 
- 
250 


Load 
RegulatIOn 
Regload 
mV 


TJ 
+250C. 
1 OmA 
"'- 10 •.•.100mA 
.- 
'50 
- 
- 
150 


1 DmA.,. 
10' 
40 rnA 
- 
- 
75 
- 
.- 
75 


Output 
Voltaqe 
Vo 
Vdc 


-17.5 
Vdc 
. Vr 
. -30 Vdc, 1.0 mA':;' '0 ..... 
40mA 
-13.5 
- 
-16.5 
-14.25 
- 
-15.75 


VI" 
-23 Vdc.l.0mA 
"'"'0'" 
lOmA 
-13.5 
- 
-16.5 
-14.25 
- 
-15.75 


InpuT 
BIas Current 
liB 
mA 


ITJ· 
+2~oCl 
- 
- 
6.5 
- 
- 
65 


ITJ 
+ 12S0Cl 
- 
- 
60 
- 
- 
6.0 
- _._~ 


liB 
mA 
Input 
BidS Cunent 
Change 


-20 Vdc 
. VI 
. -30 Vdc 
- 
- 
1.5 
- 
- 
1 5 


10 mA '"' 10" 
40 mA 
- 
- 
0.2 
- 
- 
0.1 


Output 
NOise Voltage 
VN 
- 
90 
- 
- 
90 
"V 


ITA 
= +250C, 
'0 
Hz 
•• f" 
100 kHzl 


Long.Term 
Stability 
·VOI", 
- 
30 
- 
- 
30 
- 
mV 11.0 k Hr<. 


Ripple RejectIon 
RR 
33 
39 
34 
39 
dB 


(-18.5" 
VI" 
-285 
Vdc, f 
= 120 Hz) 


Input-Output 
Voltage Differential 
IVt-VOI 
- 
1.7 
- 
- 
1.7 
Vdc 
10 = 40 mA, TJ = +250C 


MC79118C. 
AC ELECTRICAL 
CHARACTER 
ISTICS 
IVI 
= -27 V, 10 = 40 mA, CI = 033 
"F, 
Co 
= 0 1 "F, 


OOC •.....T J < 
+ 125°C 
unless 
otherwise 
noted.) 


MC79L ISC 
MC79L 1SAC 
Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Output 
Voltage IT J - +2SoC) 
Vo 
-16.6 
-18 
-194 
-17.3 
-18 
-18.7 
Vdc 


Input 
Regulation 
Regllne 
mV 
ITJ 
= +250CI 


-207 
Vdc .' VI·' 
-33 Vdc 
- 
- 
- 
- 
- 
325 


-21.4 
Vdc Y VI" 
-33 Vdc 
- 
- 
325 
- 
- 
- 
-22 Vdc •• VI·' 
-33 Vdc 
.. 
- 
275 
- 
- 
- 


-21 Vdc :. VI ;- -33 Vdc 
- 
- 
- 
- 
275 
Load Regulation 
Regload 
mV 
TJ ~ +250C. 
1.0 mA 
lo,., 10 "'- 100mA 
- 
170 
- 
- 
170 
1 OmA~'; 
10 
'lot 40mA 
- 
- 
85 
- 
- 
85 
Output Voltage 
Vo 
Vdc 
-20.7 
Vdc" 
VI" 
-33 Vdc, 1.0 mA" 
10'" 
40 mA 
- 
_. 
- 
-17.1 
- 
-18.9 


-21.4 
Vdc •• VI 
~ ··33Vdc,l.0mA~ 
'0,,40mA 
-162 
- 
-'9.8 
- 
- 
- 


VI 
= -27 Vdc, I.OmA"; 
10" 
70mA 
-162 
- 
-'9.8 
-'7. 
I 
- 
-'8.9 
Input Bias Current 
'IB 
mA 
lTJ'+250CI 
- 
- 
6.5 
- 
- 
6.5 


lTJ' 
+1250CI 
- 
- 
60 
- 
- 
6.0 
Input Bias Current Change 
118 
mA 


-21 Vdc 
;> VI 
:> -33 Vdc 
- 
- 
- 
- 
- 
1.5 


-27 Vdc " 
VI ;, -33 Vdc 
- 
- 
1.5 
- 
- 
- 


1.0mA" 
10" 
40mA 
- 
- 
0.2 
- 
- 
0.1 


Output NOiseVoltage 
VN 
- 
150 
- 
- 
150 
- 
"V 
ITA = +250C, 
10 Hz •. 
f ,;; 100 kHzl 


Long-Term Stability 
.WOI'" 
45 
45 
- 
mV 11.0 k Hr<. 


Ripple Rejection 
RR 
32 
46 
- 
33 
48 
- 
dB 


1-23" 
VI 
<; -33 Vdc, f· 
120 Hz, TJ = +250CI 


Input-Output 
Voltage Differential 
lVI-VOl 
1.7 
- 
- 
1.7 
- 
Vdc 
'0 
= 40mA, 
TJ = +250C 


MC79L24C. 
AC ELECTRICAL 
CHARACTERISTICS 
IVI • -33 V, 10 -- 40 lOA, 
CI; 
0.33 "F. 
CO· 
01 "F, 


oDe < T J < + 12S0C 
unless 
otherwise 
noted.l 


MC79L24C 
MC79L24AC 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Min 
Typ 
Ma. 
Unit 


Output 
Voltage IT J : +250CI 
Vo 
-22.1 
-24 
-25.9 
-23 
-24 
-25 
Vdc 


Input Regulation 
Regl,ne 
mV 


IT J : +250CI 
-27 Vdc :> V I :> -38 V 
- 
.- 
- 
- 
- 
350 


-27.5Vdc:> 
VI :>-38Vdc 
- 
- 
350 
- 
- 
- 
-28 Vdc ;;, VI :- -38 Vdc 
- 
- 
300 
- 
- 
300 


Load 
RegulatIOn 
Regload 
mV 
TJ: 
+250C, 1.0mA 
10" 
100 lOA 
- 
- 
200 
- 
- 
200 


1.0 lOA •• 10 .;; 40 lOA 
- 
- 
100 
- 
- 
100 


Output 
Voltage 
Vo 
Vdc 
-27 Vdc 
' VI 
' -38 V, 1.0 lOA " 10 
40mA 
- 
- 
- 
-228 
- 
-252 


-28 Vdc '" VI :> -38 Vdc, 1 0 lOA" 
10" 40mA 
-21.4 
- 
-26.4 
- 
- 
- 


VI : -33 Vdc, 
1.0 lOA " 10" 
70 lOA 
-214 
- 
-26.4 
-22.8 
- 
-25.2 


Input 
Bias 
Current 
liB 
lOA 


IT J : +250CI 
- 
- 
6.5 
- 
- 
6.5 


IT J: 
>125°C) 
- 
- 
6.0 
- 
- 
60 


Input 
Bias Current 
Change 
.-,jIB 
lOA 


-2B Vdc ;;. VI ;;. -38 Vdc 
- 
- 
1.5 
- 
- 
1.5 


1.0 lOA " 
10 " 40 lOA 
- 
- 
0.2 
- 
- 
0.1 


Output 
Noise 
Voltage 
VN 
- 
200 
- 
- 
200 
- 
uV 


IT A: 
+250C, 10 Hz" 
f 
•• 100 kHz) 


Long-Term Stability 
'.VOI't 
- 
56 
- 
- 
56 
- 
mV 11.0 k Hrs. 


Ripple Rejection 
RR 
30 
43 
- 
31 
47 
- 
dB 


1-29 -.; VI" 
-35 Vdc. f: 
120 Hz. TJ: 
250CI 


Input-Output 
Voltage 
DifferentIal 
lVI-VOl 
- 
17 
- 
1.7 
- 
Vdc 


10: 
40 lOA, TJ: 
>250C 


Design ConSiderations 


The 
MC79LOOC 
Senes 
of ftxed 
voltage 
regulators 
are deSigned 
with 
Thermal 
O .•.•erload 
ProtectIon 
that 
~huts 
down 
the 
CircUIt 


when 
subjected 
to an ekceSSlve 
power 
overload 
condItion, 
Internal 
Short 
Circuit 
ProtectIon 
that 
limits 
the 
maXimum 
current 
the Clr· 


CUlt will 
pass 


In many 
low 
current 
appliCations. 
compensat.on 
capacllOrs 
arc 


not 
requIred 
Howe •.•• 
er. 
It 
IS recommended 
that 
the 
regulalOr 


Input 
I>f:' bYPdssed 
wIth 
a calJacltor 
If the 
regulator 
IS connected 


to the 
power 
supply 
fdter 
wtlh 
long 
wire 
lengths. 
or If the output 


load 
capacitance 
IS large 
An 
UIPUt 
bypass 
capacitor 
should 
be 


selected 
to 
prOVIde 
good 
hIgh frequency 
characteflstlCS 
to 
Insure 


stable 
operatIon 
under 
all 
load 
condItions. 
A 0.33 
IJF or larger 


tantalum. 
mylar. 
or other 
capacItor 
haVIng low 
Internal 
Impedance 


at high freQuencies should be chosen. 
The by pan capacitor 
should 
be 
mounted 
with 
the 
shortest 
possible 
leads directly 
across the 


regulators 
input 
terminals. 
Normally 
good construction 
techniques 


should 
be used to minimize 
ground 
loops and l.ad 
r.sistance 
drops 


SInce the regulator 
has no external 
sense lead. 
Bypassing the out· 


put: is also recommended 


_20Vr 


--=:-J 
'0 
'0 
'OOmA 


Input 
'AC,'9LOJC 
~ 
_ 


--- [_-~ 
J 


-r 0 33 
~F" 


G nd ..-.J.--- 
• G nd 


The MC79L03. -30 V reguldtOr 
Cdn be ust!d dSaconStant 
current 


source 
when 
connected 
as above 
The output 
current 
IS the sum of 


reSIstor 
R current 
and qUIescent 
bias current 
a$ follo •••.•. 
s 


The 
qUll:~scent I.:urrent 
for 
thIS regulator 
IS typIcally 
38 mA 


The -30 
volt 
regulator 
was chosen 
to minimIze 
diSSIpatIOn and to 


allow 
the 
output 
•.•• 
oltage 
to 
operate 
to 
WIthIn 
60 
" 
t>f'lo\'ll 
111.· 


mput 
vOltage 


TYPICAL 
CHARACTERISTICS 
IT A"" +2SoC unless otherwise 
noted.! 


I 
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FIGURE 
II - 
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QUAD ANALOG 
SWITCH/QUAD 
MULTIPLEXER 


The MCI4066B 
consists of four independent switches capable of 
controlling 
either digital or analog signals. This quad bilateral switch 
is useful 
in signal gating, chopper. 
modulator, 
demodulator 
and 
CMOS logic implementation. 


The MC14066B is designed to be pin·for·pin compatible with the 
MC14016B. but has much lower ON resistance. Input voltage swings 
as large as the full supply voltage can be controlled 
via each inde· 
pendent control input. 


• 
High On/Off Output Voltage Ratio - 65 dB typical 
• 
Quiescent Current = 0.5 nA/package typical 
@ 5 Vdc 
• 
low 
Crosstalk Between Switches -50 
dB typical 
@ 8 MHz 
• 
Diode Protection on All Inputs 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• 
Transmits Frequencies Up to 65 MHz @ 10 Vdc 
• 
linearized 
Transfer Characteristics. "'RON <60 n for 
Vin = VDD to VSS lat 15V) 


• 
low 
Noise - 
12 nV/V Cycle. f ~ 1 kHz typical 
• 
Pin·for·Pin Replacement for 
CD4016, CD4066, MC14016 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDO 
-0.5 to +18 
Vdc 


Input Voltage, 
All Inputs 
Vin 
-{).5 10 VOD + 0.5 
Vdc 


Through Current 
I 
25 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-5510+125 
°c 
CL/CP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-{i5to 
+150 
°c 


MC14066B 


QUAD ANALOG 
SWITCH 
QUAD MULTIPLEXER 


L SUFFIX 
P SUFFIX 


CERAMIC 
PACKAGE 
PLASTIC 
PACKAGE 
CASE 
632 
CASe 
646 


ORDERING 
INFORMATION 
.""'"11SUI1" 
Oonot., 


L 
CeramIC 
Package 


P 
PlastIc 
Peckage 


A 
Extended 
Operating 
Temperature 
Range 
e 
Limited 
Operating 


Temperatur. 
Range 


'~ 


Control 1 
2 


1 
Out 
1 


In 1 
BLOCK 


~ 


5 
DIAGRAM 
Control 
2 


3 


4 
Out2 


In 
2 


contrOl3~9 


Out3 
8 
In 3 


'~ 
VOCl'" 
PIn 
14 


Control 
4 
10 
VSS ""P,n 
7 


11 
Out 4 


In 4 


In/Out~ 
Outlln 


Control 
~ 


Logic 
DIagram 
Restrictions 


VSS 
~Vln 
S'VOO 


VSS 
~Vout 
S'VOO 


Vcontrol 
V In to Vout 
Resistance 


VSS 
>109 
Ohms 
typ 


VOO 
3 lit 102 
Ohms 
typ 


VDD 
Tlow. 
25°C 
Thi . 


Ch.rKteristic 
Symbol 
Vde 
Min 
M•• 
Min 
Typ 
Ma. 
Min 
M•• 
Unit 


Input 
Voltage 
(Control) 
"0" Level 
VIL 
Vde 


{Va 
= 4.50< 0.5 Vdel 
5.0 
.. 
1.5 
.. 
2.25 
1.5 
- 
1.5 


(VO- 
9.0o, 
1.0Vdel 
10 
.. 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO' 
13.50,1.5 
Vdcl 
15 
- 
375 
.. 
6.75 
3.75 
- 
3.75 


"1" 
Level 
VIH 
Vdc 


(VO = 0.50,4.5 
Vdcl 
5.0 
3.5 
- 
3.5 
275 
- 
3.5 
.. 


{VO 
= 1.00,9.0 
Vdcl 
10 
7.0 
- 
7.0 
5.50 
.. 
7.0 
- 


(VO = 1.5 0' 13.5 Vdc) 
15 
11.25 
- 
11.25 
8.25 
.. 
11.25 
- 


Input Current IAL DeVice)Canual 
I,n 
15 
to.1 
to 
00001 
to.1 
t 1.0 
IJAdc 


Input 
Current 
(Cl/CP 
DeVice) 
Control 
lin 
15 
- 
to.3 
.. 
±000001 
±0.3 
- 
t 1.0 
IJ.Adc 


Input Capacitance 
C,n 
pF 


(Vin - 01 


Control 
Input 
- 
.. 
.. 
50 
7.5 
- 
- 


SWItch 
Inputs 
10 
- 
- 
- 
80 
15 
- 
- 


Output 
Capacitance 
Cout 
10 
.. 
8.0 
pF 


Feedthrough Capacitance 
eln-out 
10 
- 
- 
- 
0.5 
- 
- 
.. 
pF 


QUiescent 
Current 
(AL 
DeVice) 
10 
5.0 
.' 
025 
.. 
0.0005 
0.25 
7.5 
,uAdc 


(Per 
Pac.kage) 
10 
_. 
0.50 
- 
0.0010, 
0.50 
15 


15 
.. 
1.00 
- 
00015 
1.00 
.. 
30 


QUiescent 
CUffel'l1 
ICLlCP 
DeVice) 
10 
50 
1.0 
0.0005 
1.0 
7.5 
IJ.Adt: 


(Per 
Package) 
10 
- 
20 
- 
0.0010 
2.0 
- 
15 


15 
- 
40 
0.0015 
4.0 
- 
30 


ON ReSistance (A L Device l 
RON 
5.0 
800 
.. 
250 
1050 
1200 
H 


10 
- 
400 
.. 
120 
500 
- 
520 


15 
.. 
220 
.. 
80 
280 
- 
300 


ON ReSistance 
IeL/CP 
DeVice) 
RON 
50 
- 
880 
.. 
250 
1050 
.. 
1300 
H 


10 
- 
450 
- 
120 
500 
- 
550 


15 
- 
i50 
- 
80 
280 
- 
320 


,60N 
Reslsldnce 
Between Any Two of 
"'RON 
50 
.. 
25 
H 


Four 
SWitches 
10 
- 
0- 
10 
- 
.. 
- 


15 
.. 
- 
.. 
5.0 
- 
- 
- 


I"pul/Output 
Leakage 
Current 
15 
tl00 
to,01 
t 100 
t 1000 
nAde 
Switch 
OFF 
IAL DeVice) 


:nput/Output 
Leakage 
Current 
15 
- 
t300 
- 
to.Ol 
t300 
.. 
t 1000 
nAde 


Swllch 
OFF 
ICLlCP 
DeVice) 


-The formul. 
given ar. for the typical characteristics only. 


Tlow - -55°C 
for AL Device. -400C fo, CL/CP Device. 


Thigh - +1250C for AL Device. +850C for CL/CP D.vice. 


This 
device contains 
circuitry 
to 
protect 
the inputs against damage due to high static 
voltages or 
electric 
fields; 
ho~ver, 
it 
is 
advised that normal 
precaution, 
be taken 


to avoid application 
of any voltage hicher 


than maximum 
rated voltages to this high 


impedance circuit. 
For proper operation 
it 


is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range VSS <. (Vin 
or 
Vou,) "VDD, 
Unused inputs must always be tied to an 
appropriate 
logic voltage level (e.g., either 
VSS 0' VDDI. 


Ch.ractlrlltic 
Symbol 
VOO 
Mln 
Typ 
Mox 
Unit 
Vdc 


ProPagation Delay Timll 
VSS' 
0 Vdc 


Input to Output 
(RL - 10 knl 
tpLH. tPHL 
n. 
tpLH. 
tPHL - (0.17 n./pF) 
CL + 15.5 n. 
5.0 
- 
20 
40 
'PLH. tPHL • (0.08 n./pF) 
CL + 6.0 n. 
10 
- 
10 
20 
tPLH. tPHL - 10.06 n./pF) 
CL + 4.0 n. 
15 
- 
7.0 
16 


Control to OutpUt (R L • , kOI 
Output ••,,, to High Imped.nce 
tpHZ 
6.0 
- 
40 
80 
n. 
10 
- 
35 
70 
15 
- 
30 
60 


Output "0" to High Imped4lnce 
tpLZ 
6.0 
- 
40 
80 
n. 
10 
- 
35 
70 
15 
- 
30 
60 


High Impedance to Output "," 
tPZH 
6.0 
- 
60 
120 
n. 
10 
- 
20 
40 
15 
- 
15 
30 


High Impedance to Output "0" 
tpZL 
5.0 
- 
60 
120 
nl 
10 
- 
20 
40 
16 
- 
15 
30 
Sine W.ve Distortion 
VSS - -5 Vdc 
- 
5.0 
- 
0.1 
- 
" 
(Vin - 1.77 Vdc, RMS Cent.red 
@ 0.0 Vdc. 
RL - 10 kn, f· 1.0 kHz) 


Frequency Response (Switch ON) 
VSS - -5 Vdc 
- 
6.0 
- 
66 
- 
MHz 


(RL'1 
kn, 20 Logl0 
Vout 
• -3 dB) 
Vin 


Feedthrough Attlnultion 
(Switch OFF) 
VSS' 
-5 Vdc 
- 
6.0 
- 
1.0 
- 
MHz 


(RL'1 
kn. 20 L0ll10 
Vout 
- -SO dB) 
Vin 


Croutalk 
aetween Any Two Switch•• 
Vss - -6 Vdc 
- 
6.0 
- 
B.O 
- 
MHz 


(RL'1 
kn.20 
Log10 Vout(B) 
• -SO dB. 


Vin(A) 


(Switch A ON, Switch B OFF) 


CrOlltalk. Control Input to Sign.' Output 
VSS' 
-6 Vdc 
- 
6.0 
- 
300 
- 
mV 


Maximum Control Input Frequency 
VSS' 
0 Vdc 
- 
6.0 
- 
8.0 
- 
MHz 


(20 Log10 
Vout 
• -6 dB) 
10 
- 
B.O 
- 
Vin 
16 
- 
B.5 
- 


'/2 
1Vee -VSSI 
t 7V"V1 
T 


The 
MC14433 
is a high 
performance, 
low power, 
3)1, digit 
AID 
converter 
combining 
both 
linear CMOS and digital 
CMOS circuits 
on 
a single 
monolithic 
IC. The MC14433 
is designed 
to minimize 
use of 
external 
components. 
With 
two 
external 
resistors 
and two 
external 


capacitors, 
the 
system 
forms 
a dual 
slope 
AID 
converter 
with 
automatic zero correction and automatic polarity. 


The 
MC14433 
is ratiometric 
and 
may 
be used 
over 
a full-scale 
range 
from 
1.999 
volts 
to 
199.9 
millivolts. 
Systems 
using 
the 
MC 14433 
may 
operate 
over a wide 
range 
of power 
supply 
voltages 
for 
ease of use with 
batteries, 
or with 
standard 
5 volt supplies. 
The 
output 
drive 
conforms 
with 
standard 
B-Series 
CMOS 
specifications 
and can drive a low·power 
Schottky 
TTL load. 


The high impedance 
MOS inputs 
allow applications 
in current 
and 
resistance 
meters 
as well 
as voltmeters. 
In addition 
to 
DVM/DPM 
applications, 
the 
MC14433 
finds 
use in digital 
thermometers, 
digital 
scales, 
remote 
AID, AID control 
systems, 
and in MPU systems. 


• 
Accuracy: 
±0.05% 
of Reading 
± 1 Count 
• 
Two Voltage 
Ranges: 
1.999 
V and 199.9 
mV 
• 
Up to 25 Conversionsls 
• 
Zin> 
1000 
M ohm 
• 
Auto-Polarity 
and Auto-Zero 
• 
Single 
Positive 
Voltage 
Reference 
• 
Standard 
B·Series CMOS Outputs-Drives 
One 
Low Power 
Schottky 
Load 
• 
Uses On-Chip 
System 
Clock, 
or External 
Clock 
• 
Low Power 
Consumption: 
8.0 mW typical 
@ ±5.0 
V 
• 
Wide Supply 
Range: 
e.g., ±4.5 
V to ±8.0 
V 
• 
Overrange 
and Underrange 
Signals 
Available 
• 
Operates 
in Auto 
Ranging 
Circuits 
• 
Operates 
with 
LED and LCD Displays 
• 
Low External 
Component 
Count 


MC14433 


L SUFFIX 


~ 


ERAMICPACKAGE 
CASE 623 


24 


,',"",. 
,~ 


PLASTIC PACKAGE 
1 


CASE 
709 


MC14XXX 
~SUffi)( 
Oenot •• 


L 
C.ramic 
Pack.ge 


P 
Pl._tic 
Pack-oe 


Vr.f 
R.ference 
Voltage 


VAG 
An"ot 
Ground 


V X 
An"og Input 


VOD" 
Pin 24 
Vss 
.• Pin 
13 


'VEE 
.• Pin 
12 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO to VEE 
~O.5 to +18 
Vdc 


Voltage, any pin. referenced to VEE 
V 
-05 
to 
Vdc 
VOO +0.5 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperature Range 
TA 
-40 to +85 
°c 


Storage Temperature Range 
Tstg 
-65 to + 150 
°c 


This 
device contains 
circuitry 
to 
protect 
the inputs against damage due to high static 
voltages or 
electric 
fields; 
ho..••.•• 
ever. it 
is 
advised that 
normal 
precautions 
be taken 
to avoid application 
of any voltage higher 
than maximum 
rated voltages to this high 
impedance circuit. 
For proper operation 
it 
is recommended 
that 
Vln 
and 
Vout 
be 
constrained 
to the range VeE 
~ 
lVin 
or 
Vout) 
~ 
Voo· 


Parameter 
Symbol 
Value 
Unit 


DC Supply Voltage - 
Voo 
to Analog Ground 
VOO 
+5.0 to +8.0 
Vdc' 
VEE to Analog Ground 
VEE 
-2.8 to -8 0 


Clock Frequency 
IClk 
32 to 400 
kHz 


Zero Offset Correction Capacitor 
Co 
0,1 ±.20% 
"F 


ELECTRICAL 
CHARACTERISTICS 
IC,' 
O.I"F 
mylar, RI = 470 kfl@Vrel 
= 2.000 V. R, = 27 kl! 
@ Vrel 
= 200.0 mY. 


Co = 0.1 ~F. RC '= 300 kn, all vol tagesreferenced to Analog Ground, pin ,.) 


Voo 
VEE 
_40°C 
25°C 
85°C 
Characteristic 
Symbol 
Vdc 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Linearity-Output 
Reading (Note 1) 
- 
%rdg 
IV reI = 2.000 VI 
5.0 
-5.0 
- 
- 
-0.05 
' 0.05 
+005 
- 
- 


-Count 
+ Count 
IV "I 
= 200.0 mV) 
5.0 
-50 
- 
- 
- 
'0.05 
- 
- 
- 


Stability-Output 
Reading (Note 21 
- 
LSO 
IVX 
= 1.990 V. V"I 
= 2.000 VI 
5.0 
-5.0 
- 
- 
-- 
-- 
2 
- 
-- 


(VX = 199.0 mV, V"I' 
2000 
mVI 
5.0 
-5.0 
- 
- 
- 
- 
3 
- 
-- 


Zero-Output 
Reading 
- 
50 
-50 
-- 
- 
- 
0 
0 
-- 
LSO 
IVX 
= 0 V, V"f 
= 2.000 VI 


Bias Current - ,~nalog Input 
- 
5.0 
-5.0 
- 
-- 
- 
,20 
,100 
-- 
- 
pAdc 


Reference Input 
5.0 
-5.0 
-- 
-- 
-- 
! 20 
' 100 
- 
-- 
Analog Ground 
5.0 
-5.0 
-- 
- 
- 
• 20 
·500 
- 
- 


Common Mode Rejection 
-- 
5.0 
-5.0 
- 
-- 
- 
65 
-- 
- 
- 
dB 
IVx 
= 1.4 V. V",' 
2.000 V, 
foe = 32 kHzl 


Output Voltage - Pins '4 to 23 
Vdc 
IVSS • 0 VI 
"0" 
Level 
VOL 
5.0 
-5.0 
- 
0.05 
- 
0 
0.05 
-- 
005 
"1" 
level 
VOH 
5.0 
-5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
-- 


(VSS = -5.0 
VI 
"0" 
Level 
VOL 
5.0 
-5.0 
-- 
4.95 
-- 
-5.0 
-4.95 
- 
-4.95 


"'" 
Level 
VOH 
5.0 
-5.0 
4.95 
- 
4.95 
50 
-- 
4.95 
- 


Output Current 
Pins 14 to 23 
mAdc 
(VSS = 0 VI 
(VOH ·4.6 
VI Source 
IOH 
5.0 
-5.0 
-0.25 
- 
-0.2 
-0.36 
-- 
-0.14 
-- 
1VOL' 
0.4 VI Sink 
'OL 
5.0 
-5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 


IVSS = -5.0 VI 
1VOH • 4.5 VI Soutee 
IOH 
5.0 
-5.0 
-0.62 
- 
-0.5 
-09 
- 
-035 
- 


(VOL 
= -4.5 VI Sink 
'OL 
5.0 
-5.0 
1.6 
- 
1.3 
2.25 
-- 
0.9 
- 


Clock Frequency 
fClk 
5.0 
-5.0 
- 
- 
- 
66 
-- 
- 
- 
kHz 


IRC = 300 kfll 


Input Current - au 
'OU 
5.0 
-5.0 
-- 
! 0.3 
- 
.0.00001 
! 03 
-- 
! 1.0 ~ 
Quiescent Current 
IQ 
5.0 
-5.0 
- 
3.7 
- 
09 
2.0 
- 
1.6 
mAd\,; 


(VOO to VEE. ISS' 
0) 
8.0 
-8.0 
- 
7.4 
-- 
1.8 
4.0 
-- 
3.2 
DC Supply Rejection 
5.0 
-- 
-- 
-5.0 
-- 
- 
- 
0.5 
-- 
- 
-- 
mV/V 


(VOO to VEE. ISS' 
0, Vr.,· 
2.000VI 
---- "----- ---- -- 


Note 1; 
Accuracy - 
The accuracy of the meter at full scale is the accuracy of the setting of the reference voltage. Zero is recalcutat~d during 
each conversion cycle. The meaningful specification 
is linearity. 
In other words. the deviation from correct readIng for all lnpllts 
other than positive full scaleand zero is defined as the linearity specification. 
Note 2: 
3 LSD stability 
for 200 mV scale is defined asthe range that the LSD will occupy 95% of the time. 
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I--- NOTE 
I 


ROLLOVER ERROR IS THE OIFfERNCE IN 
OUTPUT READING FOR THE SAME ANALOG 
I--- 
INPUT SWITCHED FROM POSITIVE TO NEG· 
ATIVE. 
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FIGURE 
(Tablo) 7 - 
FOR BEST 50 Hz 
NMRR 
(Normal 
Mode RejttCtion Ratiol 
AT DIFFERENT 
CLOCK 
FREQUENCIES 


Clock 'nKluoney 
Integration 
time 
Conversion rate 
IKHzl 
(msoel 
I-Hz) 


200 
20 
12.5 


100 
40 
6.25 


66.6 
60 
4.16 


50 
80 
3.12 
40 
100 
2.5 


The NMAA 
depends on the difference.6.f 
(0/0) 
between a multiple 


of the power line frequency 
and the clock frequency. 
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ANALOG 
GROUND 
(VAG, 
Pin 
1) 


Analog 
ground 
at this 
pin 
is the 
input 
reference 
level 


for 
the 
unknown 
input 
voltage 
(VXI 
and 
reference 


voltage 
(Vref). 
This 
pin 
is a high 
impedance 
input. 


REFERENCE 
VOL TAGE 
(Vref, 
Pin 2) 


UNKNOWN 
INPUT 
VOLTAGE 
(VX, 
Pin 3) 


This 
AID 
system 
performs 
a ratiometric 
AID conver· 


sion; 
that 
is, the 
unknown 
input 
voltage, 
VX, 
is mea· 


sured 
as a ratio 
of 
the 
reference 
voltage, 
V ref. 
The full 


scale 
voltage 
is 
equal 
to 
that 
voltage 
applied 
to 
Vref. 


Therefore, 
a 
full 
scale 
voltage 
of 
1.999 
V 
requires 
a 


reference 
voltage 
of 
2.000 
V while 
full 
scale 
voltage 
of 


199.9 
mV 
requires 
a reference 
voltage 
of 200 
mV. 
Both 


Vx 
and 
Vref 
are high 
impedance 
inputs. 
In addition 
to 


being 
a reference 
input, 
pin 2 functions 
as a reset for the 


AID 
converter. 
When 
pin 
2 
is switched 
to 
V E E for 
at 


least 
5 clock 
cycles, 
the 
system 
is reset to the beginning 


of a conversion 
cycle. 


EXTERNAL 
COMPONENTS 
(RI, 
RI/C" 
CF Pins 4,5,6) 


These 
pins 
are 
for 
externdl 
components 
for 
the 


integration 
used 
in 
the 
dual 
ramp 
AID 
conversion. 
A 


typical 
value 
for 
the 
capacitor 
is 0.1 
pF 
(mylar) 
while 


the 
resistor 
should 
be 470 Hl for 
2.0 V full 
scale opera' 


tlon 
and 
27 
kn 
for 
200 
mV 
full 
scale operation. 
These 


values 
are for 
a 66 
kHz 
clock 
frequency 
which 
will 
pro· 


duce 
a conversion 
time 
of 
approximately 
250 
ms. 
The 


equations 
governing 
the 
calculation 
for 
the 
values 
for 


integrator 
components 
are as follows: 


RI = ~x(maxl 
x J:...- 


Ct 
uv 


1J.V = VOO 
- 
Vx(maxl 
- 
0.5 


T =4000 
x.~ 


fClk 


where: 


RI is in kn 


VOO 
is the voltage 
at pin 
24 referenced 
to VAG 


Vx 
is the voltage 
at pin 3 referenced 
to VAG 


fClk 
is the clock 
frequency 
at pin 
lain 
kHz 


Example: 


CI = O.lpF 


VOO 
= 5.0 volts 


fClk 
= 66 kHz 


For 
Vx(max) 
= 2.0 volts 


RI = 480 
kn 
luse 470 
kll 
± 5%1 


For 
Vx(maxl 
= 200 
mV 


RI = 28 kll 
(use 27 kl2 ± 5%) 


Note 
that 
for 
worst 
case conditions, 
the 
minimum 


allowable 
value 
for 
RI 
is a function 
of CI min. 
VOO 
mln, 


and 
fClk 
max. 
The worst·case 
condition 
does not 
allow 


V + Vx 
to 
exceed 
VOO. 
The 
0.5 
V factor 
in the above 


equation 
for 
1J.V is for 
safety 
margin. 


OFFSET 
CAPACITOR 
(C01, 
C02; 
Pins 7, 8) 


These 
pins 
are 
used 
for 
connecting 
the 
offset 


correction 
capacitor. 
The 
recommended 
value 
is 0.1 pF. 


DISPLAY 
UPDATE 
INPUT 
(OU, 
Pin 9) 


If 
a positive 
edge is received 
on this 
input 
prior 
to the 


ramp·down 
cycle, 
new 
data 
will 
be 
strobed 
into 
the 
output 
latches 
during 
that 
conversion 
cycle. 
When 
this 


pin 
is wired 
directly 
to 
the 
EOC 
output 
(pin 
14), 
every 


conversion 
will 
be 
displayed. 
When 
this 
pin 
is driven 


from 
an 
external 
source, 
the 
voltage 
should 
be 


referenced 
to VSS. 


CLOCK 
(Clk 
I, Clk 
0, 
Pins la, 
11) 


The 
MC14433 
device 
contains 
its 
own 
oscillator 
system 
clock. 
A single 
resistor 
connected 
between 
pins 


10 and 
11 sets the clock 
frequency. 
If increased 
stability 


is desired, 
these 
pins 
will 
support 
a crystal 
or LC circuit. 


The 
clock 
input, 
pin 
la, 
may 
also 
be driven 
from 
an 


external 
clock 
source 
which 
need 
have 
only 
standard 


CMOS 
output 
drive. 
For 
external 
clock 
inputs 
this 
pin 
is 


referenced 
to 
VEE. 
A 
300 
kll 
resistor 
result' 
in clock 


frequency 
of 
about 
66 
kHz. 
(See 
the 
typical 
characteristic 
curves.) 
For alternate 
circuits 
see Figure 
7. 


NEGATIVE 
POWER 
SUPPL Y (VEE. 
Pin 
12) 


This is the connection 
for the most negative power 


supply 
voltage. 
The 
typical 
current 
is 0.8 
mA. 
Note 
the 


current 
for 
the 
output 
drive 
circuit 
is 
not 
returned 


through 
this 
pin, 
but 
through 
pin 
13. 


NEGA 
TlVE 
POWER 
SUPPLY 
FOR 
OUTPUT 


CIRCUITRY 
(VSS, 
Pin 
13) 


This 
is the low 
voltage 
level 
for 
the output 
pins of the 


MC14433 
IBCO, 
Digit 
Selects, 
EOC, 
OR). 
When 
this 
pin 


is connected 
to analog 
gro'JIld, 
the output 
voltage 
is from 


analog 
ground 
to 
VOO. 
When 
connected 
to 
VEE, 
the 


output 
swing 
is from 
VEE 
to VOD. 
The allowable 
operat· 


ing range 
for 
VSS is between 
VOO'- 
3.0 volts 
and VEE. 


END 
OF 
CONVERSION 
(EOC, 
Pin 
14) 


The 
EOC 
output 
produces 
a pulse 
at the end of each 


conversion 
cycle. 
This 
pulse 
width 
is equivalent 
to 
one 


half 
the period 
of the system 
clock 
(pin 
111. 


OVER 
RANGE 
(OR, Pin 
15) 


The OR pin 
is low 
when 
Vx 
exceeds 
Vref. 
Normally 


it is high 


DIGIT 
SELECT 
(054, 
DS3, 
DS2, 
OSI; 
Pins 
16,17,18, 


19) 


The 
digit 
select 
output 
is high 
when 
the 
respective 


digit is selected. The most significant digit (V, digit) turns 
On immediately 
after an EOC pulse followed 
by the reo 
maining digits, sequencing from MSO to LSD. An inter· 
digit 
blanking time of two clock periods is included to 
ensure that the BCD data has settled. The multiplex 
rate 
is equal to the clock frequency divided by BO. Thus, 
with 
a system clock rate of 66 kHz, the multiplex 
rate 
would be 0.8 kHz. 
Relative timing among digital select 
ouptut 
and EOC signals is shown in the Digit Select 
Timing Diagram, Figure 8. 


BCD DATA 
OUTPUTS (00, 01, 02, 03, Pins 20,21, 
22,23) 
Multiplexed 
BCD outputs 
contain 
3 full 
digits of 
information 
during 052, 3,4, 
while during 051, the V, 
digit, 
overrange. underrange and polarity 
are available. 


The adjacent truth 
table shows the formats of the infor· 


mation during 051. 


POSITIVE POWER SUPPLY IVoo, 
Pin 24) 


The most 
positive 
supply 'voltage 
pin. 


Coded Condition 
BCD to 7 Segment 
of MSO 
03 02 01 00 
Decoding 


+0 
1 , , 
0 
Blank 


-0 
, 
0 , 
0 
Blank 


+0 UR 
1 
1 , , 
Blank 
-OUR 
, 
0 , , 
Blank 


+' 
0 , 
0 
0 
4 -"} 


Hook 
up 
- 1 
0 
0 
0 
Q 
0-' 
only 
seg b 
+10R 
0 , , , 
7 -, 
and c to 


-10R 
0 
0 
1 , 
3-' 
MSD 


Notes for Truth Table 
03 - 
~ digit. low for "''', 
high for "0" 


02 
- 
Polarity: 
"1":: positive, 
"0""" 
negati ••..e 
00 
- 
Out of range condition 
exists 
if ao '" 1. When used in 


conjunction 
with 03 the type 
of out 
of 
range 
condition 
is indicated. i.e.. Q3 = 0 - 
OR or 03 :: 1 -+ UR. 


When only segment 
band 
c of the decoder 
are connected 


to 
the 
Yl digit 
of 
the 
display. 
4, 0, 7 and 
3 appear 
as 1. 


The 
overrange 
indication 
(03 
'" 0 
and 
00 '" 1) 
occurs 


when 
the 
count 
is 
greater 
than 
'999, 
e,g., 
1.999 
V 
for 
a 


reference 
of 
2.000 
V. 
The 
underrange 
indication. 
useful 
tor 


autoranging 
circuits, 
occurs 
when 
the 
count 
is Jess than' 
ao, 


e.g., 
0.' 
80 
V for 
a reference 
of '2.000 
V. 


Caution: 
If the 
most 
significant 
digit 
is connected 
to 
a display 


other 
than 
a •. , .. only; 
such 
as a full 
digit 
display. 
segments 


other 
than 
band 
c must 
be disconnected. 
The 
BCD 
to 
seven 


segment 
decoder 
must 
blank 
on BCD 
inputs 
10' 
0 to 
1111. 


I 


10 
10 


Clk 
I 
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FIGURE 10 - 
EQUIVALENT 
CIRCUIT DIAGRAMS OF THE 


ANALOG SECTION DURING SEGMENT 4 


OF THE TIMING CYCLE 


The MC14433 CMOS integrated circuit, together with 


a minimum 
number of external 
components, forms a 
modified dual ramp AID 
converter. The device contains 


the customary CMOS digital 
logic providing counters, 
latches, and multiplexing circuitry 
as well as the CMOS 
analog 
circuitry 
providing 
operational 
amplifiers 
and 
comparators required to implement a complete single 
chip 
AID. 
Autolero, 
high 
input 
impedances, and 
autopolarity 
are features of this system. Using CMOS 
technology, an AID with a wide range of power supply 
voltage and low power consumption 
is now available 
with the MC14433. 


During each conversion, the offset voltages of the 
internal amplifiers and comparators are compensated for 
by 
the 
system's 
autolero 
operation. 
Also 
each 
conversion 'ratiometrically' 
measuresthe unknown input 
voltage. In other words, the output reading is the ratio 
of the unknown voltage to the reference voltage with a 
ratio of 1 equal to the maximum count 1999. The entire 
conversion cycle requires slightly more than 16000 clock 
periods and may be divided into six different segments. 
The 
waveforms 
showing the conversion cycle with 
a 
positive input and a negative input are shown in Figure 
9. The six segments of these waveforms are described 
below. 


Segment 
1 
- 
The 
offset 
capacitor 
(Co), 
which 
compensates for the input offset voltages of the buffer 


and integrator amplifiers, is charged during this period. 
Also, the integrator capacitor is shorted. This segment 
requires 4000 clock periods. 


Segment 2 - 
The integrator output decreasesto the 


comparator threshold voltage. At this time a number of 
counts equivalent to the input offset voltage of the com· 
parator is stored in the offset latches for later use in the 
autolero process. The time for this segment is variable, 
and lessthan 800 clock periods. 


Segment 3 - This segment of the conversion cycle is 
the sameasSegment 1. 


Segment 4 - 
Segment 4 is an up·going ramp cycle 


with the unknown input voltage (Vx) 
asthe input to the 
integrator. Figure 10 shows the equivalent configuration 
of 
the 
analog section of 
the MC14433. The actual 
configuration 
of the analog section is dependent upon 
the polarity 
of the input 
voltage during the previous 


conversion cycle. 


Segment 5 - 
This segment is a down·going ramp 
period with 
the reference voltage as the input to the 


integrator. Segment 5 of the conversion cycle hasa time 
equal to 
the number of 
counts stored in the offset 


storage latches during Segment2. As a result, the system 
leros automatically. 
Segment 6 - 
This is an extension of Segment 5. The 
time period for this portion is 4000 clock periods. The 
results of the AID 
conversion cycle are determined in 
this portio" of the conversion cycle. 


'5V 
.5V 


Segment 
Aesistors 
150n (71 
4 
7 
10 


2 
CO 
6 
11 


3 
M 
5 
M 
12 
.• 
5 
'" 
4 
.• 
13 
.. 
U 
3 
U 
14 
~ 
~ 
2 
'5 
1 
16 


-5V 
Minus 
Sign 
-5V 
2000 


A,' 
4 


5 
6 
MC14433 


o lIJF·· 
13 
-5 
V 


7 


8 


O.l.&J.F 
, 5 


• At 
= 470 
kn 
for 
2 V 
Range 


R, 
= 27 kO 
for 
200 
mV 
Range 
•• Mvlar 
Capacito 


MPS· 


A12 
t41 


3',<, DIGIT VOLTMETER - COMMON ANODE 
DISPLAYS, FLASHING OVER RANGE 
The display usesan LED display with common anode 
digit 
lines driven with 
an MC14543B decoder and an 
MC1413 LED driver. The MC1413 contains 7 darlington 
transistor 
drivers 
and 
resistors 
to drive 
the 
segments 
of 
the display. The digit drive is provided by four MPS-A12 
darlington transistors operating in an emitter follower 
configuration. 
The MC14543B, 
MC14013B 
and LED 
displays are referenced to 
VEE 
via 
pin 
13 of 
the 
MC14433. This 
places the full 
power supply voltage 
across the display. The current for the display may be 
adjusted by the value of the segment resistors shown as 
150 ohms in the above figure. 
The power supply for the system is shown as a dual 
±5 V supply. However, the MC14433 will operate over a 
wide range of voltages, and balance between the "'5 and 
-5 
V supplies is not required. See the recommended 
operating conditions and Figure 1, on pages2 and 3. 


An 
example 
of 
a 3% digit 
voltmeter 
using the 
MC14433 is shown in the circuit diagram of Figure 11. 
The reference voltage for the system uses an MC1403 
2.5 V reference IC. The full 
scale potentiometer 
can 
calibrate for a full scale of 199.9 mV or 1.999 V. When 
switching from 
2 V to 200 mV operation, 
RI is also 
changed, asshown on the diagram. 
When using RC equal to 300 kn. the clock frequency 
for the system is about 66 kHz. The resulting conversion 
time is approximately 250 ms. 
When the input is overrange, the display flashes on 
and off. The flashing rate is one·half the conversion rate. 
This is done by dividing the EOC pulse rate by 2 with % 
MC14013B flip·flop 
and blanking the display using the 
blanking input of the MC14543B. 


for Vref 
- 2.000 
V 


VX: 
1.999 V full scale 


'fol 
Vref 
- 
200.0 
mV 


VX; 
199.9 
mV 
full scale 


(change 470 
kH 
to RI ." 27 kn 


and decimal 
pOint positIon) 


-To 
increase Sf'Qment current 
capability 
add two 
MC75491 


ICs between 
MC14511B 
and 


Resistor ~etwork. 
The use of 


thc MC1413 
as (jigit dri .•..er 


increases digit currCllt capability 
o.•..er the MC 75492 
Peak digit 
CUffent for an eight d:splayed 
is 7 ~jmes 
the segment current 


··VEt=. can range between 
-2.8 
and 


-11 
V. 
Also 
see Figure 
1a for 


neg.ti 
....•supply 
generlted 
from 
a 


poslti .•..•supply. 


Minus 
Cn"OI 


0' 
MC1413" 


DIgit 
Dri .•..ers 


3)1, DIGIT 
VOLTMETER 
WITH 
LOW COMPONENT 
COUNT USING COMMON CATHODE DISPLAYS 
The 3% digit voltmeter of Figure 12 is an example of 
the use of the MC14433 in a system with a minimum of 
components. 
This circuit 
uses only 
11 components in 


addition 
to the MC14433 to operate the MC14433 and 


drive the LED displays. 


In this circuit 
the MC14511B provides the segment 
drive 
for 
the 3Y. digits. 
The MC75492 or MC1413 
provides 
sink 
for 
digit 
current. 
(The MC75492 
or 
MC1413 are devices with 6 or 7 darlingtons respectively 
with common emitters.) The worst case digit current is 7 
times the segment current at % duty cycle. The peak 
segment current is limited by the value of R. The current 
for the display flows from VOO (+5 VI to ground and 
does not flow 
through the VEE (negative) supply. The 
minus sign is controlled 
by one section of the MC75492 
or MC1413 and is turned off 
by shunting the current 


through 
RM to ground, bypassing the minus sign LED. 


The minus sign is derived from 
the 02 
output. 
The 
decimal point 
brightness is controlled by resistor ROp. 


Since the 
brightness and the type 
and size of 
LED 


display are the choice of 
the designer, the value; of 


resistorsR, RM, ROp, and RR that govern brightness are 
not given. 


During an overrange condition the 3% digit display is 


blanked at the BI pin on the MC14511B. 
The decimal 
point and minus sign will remain on during a negative 
overrange condition. 
In addition, an alternate overrange 


circuit with 
separate LED 
is shown. There are leftover 


sections in either the MC75492 or MC1413. 


3% DIGIT VOL TMETER WITH LCD DISPLAY 
A circuit for a 3% digit voltmeter with a liquid crystal 


display is shown In Figure 13. Three MC14543B LCD 
latch/decoder/display 
drivers are used to demultiplex, 


decode the three digits, and drive the LCD. The half 
digit and polarity are demultiplexed with the MC14013B 
dual D flip-flop. 


Since the LCD is best driven by an ac signal acrossthe 


LCD, the low-frequency square wave drive for the LCD 
is derived from 
the MC14024B binary counter which 


divides the digit select output 
from the A/D. This low 


frequency square wave is connected to the backplane of 


the 
LCD and to the individual 
segments through 
the 
combination 
of the output 
circuitry 
of the MC145438 
and 
the 
exclusive 0 R gates at 
the 
outputs 
of 
the 
MC140138. 
Alternatively 
the 
square wave 
can 
be 
derived from a 50/60 
Hz input signal when available. 
The minus sign and the decimal point to the right of 
the 
half 
digit 
are 
connected 
to 
the 
inverted 
low 


frequency 
square 
wave 
signal. 
Unused 
decimal 
points 
are 
tied directly to the low frequency squarewave. 


The system shown operates from two power supplies 
(plus and minusl. Alternatively 
one supply can be used 
when VSS is connected to VEE. In this casea level must 
be set for analog ground, VAG, which must be at least 
2.8 V above VEE. 
This circuit 
may be implemented 
with 
a resistor network, 
resistor/forward·biased 
diode 


network 
or 
resistor-zener 
diode 
network. 
For 
example, 
a 
9 V supply 
can be used with 
3 V between VAG and 
VEE, leaving 6 V for VDD to VAG. This system leavesa 
comfortable 
margin for 
battery 
degeneration (end of 
lifel. 
Two 
versions of 
this 
circuit 
for 
single supply 
operation is shown in Figure 14. 
For panel meter operation from a single 5 V supply, a 
negative supply can be generated asshown in Figure 18. 
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3% DIGIT 
AUTORANGING 
MUL TlMETER 
An 
autoranging 
multimeter 
including 
ac 
and 
dc 
voltage 
ranges 
from 
200 mV to 200 V, ac and dc current 
from 
2 mA to 2 A fullscale 
and resistance 
ranges 
from 
2 
H1 to 
2 
Mn 
fullscale 
is shown 
in Figure 
15. 
In this 
multimeter 
only 
two 
input 
jacks 
are 
required 
for 
all 
ranges 
and 
functions, 
eliminating 
the 
need 
for changing 
leads 
on 
the 
instrument 
when 
changing 
ranges 
or 
functions. 
Although 
only 
four 
ranges 
are 
provided 
for 
each 
function, 
the technique 
used 
may 
be expanded 
to 
more 
ranges 
if desired. 
Range 
switching 
uses mechanical 
relays. 
However, 
the 
relays 
may 
be replaced 
with 
solid 
state 
analog 
switches. 


The 
MC14433 
provides 
the overrange 
and underrange 
control 
signals 
for 
the 
automatic 
ranging 
circuits. 
For 
additional 
information, 
see Motorola 
Application 
Note 
AN·769, 
"Autoranging 
Digital 
Multimeter 
Using 
the 
MC14433 
CMOS AID Converter." 


PARALLEL 
BCD DATA 
OUTPUT 
CIRCUIT 
The 
output 
of the 
MC14433 
may 
be demultiplexed 


to 
produce 
parallel 
BCD 
data 
as shown 
in Figure 
16. 


Two 
levels 
of 
latches 
are 
required 
for 
a 
complete 


demultiplexing 
of 
the 
data 
since 
the 
outputs 
of 
the 
MC 14042B 
latches 
change 
sequentially 
with 
the 
OS 1 to 
DS4 strobe 
pulses. 
To key output 
validity 
to one leading 
edge, 
i.e., 
that 
of 
the 
EOC 
signal 
of 
the 
MC14433, 


information 
is transferred 
to 
the 
second 
set 
of 
latches 


(MC14175B 
latches). 
A single 
set of latches 
can be used 
when 
reading 
of 
output 
is restncted 
to 
within 
12,000 
clock 
pulses 
after 
EOC. 
This 
requires 
synchronous 


system 
operation 
with 
respect 
to the BCD data 
bus. 
In 
this 
system 
the 
output 
ground 
level 
is VSS. 
In 
most 
cases, 
a two 
supply 
system 
with 
VSS connected 
to 
VAG 
is recommended. 
Th is allows 
connecting 
analog 
ground 
and digital 
ground 
together 
without 
destroying 
a 


power 
supply. 
This 
circuit 
works 
well 
with 
that 
of 
Figure 
12. 
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8 CHANNEL DATA ACQUISITION 
NETWORK 
Figure 
17 
shows an 8 
channel data 
acquisition 
network 
using 
the 
MC14433 
and 
an 
M6800 
microprocessor 
system. 
The 
interface 
between 
the 
microprocessor data bus and the A/D 
system is done 
with an MC6820 PIA. One halYof the PIA is used with 
the BCD and digit select outputs of the MC14433, while 
the ~cond 
half of 
the PIA selects the channel to be 
measured via the MC14051B analog multiplexer. Control 


lines CB1 and CB2 are used for data flow control and 
are connected to DU and EOC of the MC14433. 


A more detailed explanation of this system including 


the 
actual 
software 
required 
for 
the 
M6800 
microprocessor may be found in Motorola Application 
Note AN·770, "Data Acquisition 
Networks With NMOS 
and CMOS." 


NEGATIVE 
SUPPLY GENERATED 
FROM POSITIVE 
SUPPLY 
When only +5 V is available, a negative supply voltage 


can be generated with the circuit of Figure 18 using one 
MC14049B. Two inverters from CMOS hex inverter are 
used as an oscillator 
('" 
3 kHz) with 
the remaining 


inverters used as buffers for higher current output. 
The 
square wave output from the oscillator is level·translated 
to a negative going signal. This signal is rectified 
and 


filtered. A VDD voltage'of 
+5 V for the hex buffer will 
result in a -4.3 V no load output voltag~ while the out- 
put with a 2 mA load is '" 3.4 V. 


50,UFnN4001 
-vout 
to Vee 


lN4001 
50~F 
~ ·r 


BCD-TO-SEVEN 
SEGMENT 
HEXADECIMAL 
LATCH/ 
DECODER/DRIVER 


The MC14495 BCD-to-seven segment hexidecimal latch/decoder/ 


driver 
is constructed with 
complementary MOS (CMOSI enhance- 
ment mode devicesand NPN bipolar output drivers in a single mono- 
lithic structure. The circuit provides the functions of a 4-bit storage 
latch. It can be usedwith LED sevensegmentdisplays without resis- 
tor interface at 5 volt supply. The resistors of typically 290 ohms are 
internal to the part. 
Applications 
include MPU systems display driver, instrument dis- 
play 
driver, 
computer/calculator 
display 
driver, 
cockpit 
display 
driver, 
and various 
clock, 
watch, 
and timer 
uses. 


• 
Low Logic Circuit Power Dissipation 


~ 
High-Current Sourcing Outputs With Internal Limiting 
Resista~ce 


• 
Latch Storage of Code 


• 
Supply Voltage Range= 4.5 Vdc to 16 Vdc 


• 
Internal Inp-ut Level Shift: 
Input +5 CMOS to VDD of +5 to +16 Vdc 
Input +5 V TTL with Pull-up,to VDD of +5to 
+16 Vdc 


MC14495 


BCD-TO-SEVEN 
SEGMENT 
HEXADECIMAL 
LATCH/DECODER/DRIVER 


J'!fflfffJ ._ 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648 


Suffix 
Denote. 
T - L 
Ceramic 
Packega 
t: P 
PI.'tic 
Package 


16 


15 
. 
f~'b 
13 
·e'c 
12 
d 
6 


7 
10 


8 


ALPHANUMERIC 
DISPLAY 


r~----'--- 
.-,--. ~-:r.;;;-~~-:ElFl 
fr._1J23~'-{S-,6~ 
I~SBbC 
idV 
0' 
23456789101112131415 


INPUTS 
OUTPUTS 


D 
C 
B 
A . b 
c 
d . 
f , h+j 
VVf 
DISPLAY 
0 
0 
0 
0 
1 
I 
1 
I 
1 , 
0 
0 
Open 
0 
0 
0 
0 
1 
0 
1 , 
0 
0 
0 
0 
0 
Open 
, 
0 
0 
1 
0 
1 
1 
0 
1 
1 
0 
1 
0 
Open 
2 
0 
0 , , 
I 
1 
I 
1 
0 
0 
1 
0 
Open 
3 
0 
1 
0 
0 
0 
I , 0 
0 
1 
1 
0 
Open 
4 
0 
1 
0 
I 
1 
0 
I 
1 
0 
1 
1 
0 
Open 
5 
0 , 
1 
0 
1 
0 
1 
1 
1 
1 
1 
0 
Open 
6 
0 , 
1 
1 
1 
I 
1 
0 
0 
0 
0 
0 
Open 
7 


1 
0 
0 
0 
1 
1 
1 
1 
1 
1 , 
0 
Open 
B 
1 
0 
0 
1 
1 
1 , , 0 , 
1 
0 
Open 
9 


1 
0 
1 
0 
1 
1 
1 
0 
1 , 
1 
1 
Open 
A 
, 
0 
1 
1 
0 
0 
1 
1 
1 
1 
1 
1 
Open 
b 


1 
I 
0 
0 
1 
0 
0 
1 
1 
I 
0 
1 
Open 
C 
1 
1 
0 , 
0 , 
I 
1 
1 
0 
1 
1 
Open 
d 
, 
1 
1 
0 
1 
0 
0 
1 
1 
I 
1 
1 
Op.n 
e 
, 
I 
1 
1 
I 
0 
0 
0 , 
I 
1 , 
0 
F 


Rating 
Symbol 
Value 
Unit 


DC Supply Volt_ 
VOO 
-0.5 to +18 
Vdc 


Input VOltag., All Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Curr.nt Orlin p.r Input Pin 
I 
10 
mAdc 


Op.rating Temper.ture 
Range 
TA 
-40 te +85 
"C 


Storage Temperatur. 
Range 
Tstg 
-65to+150 
"C 


Maximum Continuous Output Power 
POHmlx 
mW 
(SourcI) per Output 
<il 25 °c 
Pin. " 
2, 3,12,13,14,15 
50 
Pin 14 
100 


This device cont.ins 
circuitry 
to 
protlet 
the inputs against damage due to high st.tic 
voltages or electric 
fi.lds; 
hOV<ll8wr.it 
is 
advised th.t 
norm.1 prec.utions t» 
tlk.n 
to avoid application of any YOlt~ 
higher 
than m.ximum 
rat.d Yoltages to this high 


impedance circuit. For proper oper.ttan 
it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained to 
the 
range VSS 
" 
(Vin 
or 
Voutl "VOO' 


Chetaeteristics 
Symbol 
Condition 
Min 
Typ 
MIx 
Unit 


DC Supply Volt. 
VOO 
4.5 
16 
Vdc 


Input Voltage 
VIL 
- 
0.8 
Vdc 


VIH 
VOO"5V 
4.0 
- 
Vdc 


VOO = 5.0V 
3.5 
- 


Input Current 
lin 
- 
±10 
~Adc 


Output VCR, Pin 11 
IOH 
VOH • VOO 
- 
±10 
/JAdc 


Open Drain Output 
IOL 
VOL' 
0.5V, VOO' 
5.0V 
0.2 
- 
mA 


VOL' 
0.5V, VOO' 
15V 
1.0 
- 


IOH 
VOH • 2.0V, VOO 
c 5.0V 
-7.5 
mA 
VOH' 
1.5V, VOO = 5.0V 
- 
-11.5 


VOH = 12V, VOO' 
15V 
-7.5 
Outputs I. b. c. d. e. f. g 
VOH' 
I 1.5V, VOO = 15V 
- 
-11.5 


IOL 
VOL' 
1.0V, VOO = 5.0V 
0.1 
- 
mA 
VOL' 
1.0V, VOO' 
15V 
0.5 
- 


IOH 
VOH = 2.0V, VOO = 5.0V 
-15 
- 
mA 
VOH' 
1.5V, VOO' 
5.0V 
- 
-23 
VOH' 
12V, VOO = 15V 
-15 
- 


Output h + i 
VOH • I 1.5V, VOO' 
15V 
- 
-23 


IOL 
VOL' 
lV, VOO' 
5.0V 
0.2 
- 
mA 
VOL = 1.0V, VOO = 15V 
1.0 
- 


OUTPUT CIRCUIT 
IExcept 
Pin 11) 
VOO 


INPUT /OUTPUT 
FUNCTIONS 
Segment 
Driver 
(a, b, c, d, e, f, g, h, i; Pins 1;2, 3, 4,12, 
13, 14, 15) 
The 
segment 
drivers 
are 
emitter·follower 
NPN· 


transistors. 
To 
limit 
the 
output 
current, 
a 
resistor 
typ;cally 
290 ohms 
is integrated 
internally 
at each output. 


Therefore, 
external 
resistors 
are 
not 
necessary 
when 
driving 
an lED 
at the supply 
voltage 
of 
VOO = 5.0 volts. 


OUTPUT 
(VCR; Pin 11) 
This 
output 
is activated 
(goes 
to 
low) 
whenever 
the 
address 
corresponding 
to 
program 
16 is selected. 
Other· 


wise the output 
is open. 
See the truth 
table. 


INPUT 
lATCH 
(A,B, C, D; Pins 5, 6, B, 10) 
The block 
diagram 
Is shown 
on page 1. The inputs 
A, B, 
C, and 
0 
are 
fed 
to 
a 4·bit 
latch 
which 
is controlled 
by 
clock 
(Cll. 
Two 
modes 
of operation 
are available. 


CLOCK 
tCl; 
Pin 7) 
The 
data 
on the inputs 
A, B, C and 0 will pass through 
the 
latch 
and 
will 
be 
displayed 
immediately 
when 
the 
clock 
is low. 
In this mode 
of operation 
the circuit 
is per· 
forming 
the 
function 
of 
a conventional 
decoder/driver. 


The 
data 
may be loaded 
into the latch when ti: a low and 
will 
be latched 
with 
the 
rising 
edge of CL. The 
data 
will 
remain 
stored 
as long as Cl 
is high. 


Vao·5.OV 


16 
I'. 


13 
b 


14 
6 
d 
15 


MC14495 


9 


. 
.,.,. 
.".- 


d 


Common 
Cathode 
LED 
Display 


~ 
A through 
F 


Indienor 
-=- LED 


SWITCHMODE 
PULSE WIDTH 
MODULATION 
CONTROL 
CIRCUITS 


The TL494 
and TL495 
combine 
the best features of existing 
PWM control circuits and add other on-chip functions. Thesedevices 
provide, on a single monolithic chip. all the control circuitry for 
PWM push-pull, bridge and seriestype switchmode power supplies. 


The TL494M/495M 
are specified over the military 
operating 
range of -550C 
to +1250C. The TL494C/495C 
are specified from 
OOC to +700C. 


• 
Uncommitted 
Output 
Transistors Capable of 250 mA Source or 
Sink 


• 
On·Chip Error Amplifier 
and Current Limit SenseAmplifier 


• 
On-Chip 5 V Reference 


• 
Internal Protection from Oouble Pulsing of Outputs with Narrow 
Pulse Widths or with Supply Voltages below Specified Limits 


• 
Dead Time Control Comparator 


• 
Pulse-Steering Flip-Flop and Output Control Circuitry 


• 
Easily Synchronized ISlaved)to Other Circuits 


• 
On-Chip 39 V Zener for High Voltage (VIN > 40 V) 
Applications (TL495 only) 


• 
Output 
Steering Control 
Pin Overrides Internal 
Pulse Steering 
Flip-Flop (TL495 only) 


TL494 
TL495 


SWITCHMODE 
PULSE WIDTH 
MODULATION 
CONTROL 
CIRCUITS 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUITS 


N SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


(TL494C 
only) 


J SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


N SUFFIX 


PLASTIC 
PACKAGE 
CASE 
701·01 


(TL495C 
only) 


J SUFFIX 


CERAMIC 
PACKAGE 


CASE 
726 


ORDERING INFORMATION 


Temperatur. 


Device 
Range 
Package 


TL494CJ 
a to +700C 
Ceramic DIP 


TL494CN 
a to .•.70oe 
Plastic DIP 


TL494MJ 
-55 to .•.12SoC 
C.r.mic 
DIP 


o to "70oe 
o to .•.70oe 


-55 
to .•.125 
C 


Ceramic 
DIP 


Plastic 
DIP 


Ceramic 
DIP 


Dead 


Time 
Control 


Compensationl 


PWM Comparator 


Input 


Current 


Limit 
Sense 
Amp 


Dead 
Error 
C.L. 
Out- 
Steer- 
Compen/ 
0' 
02 
Time 
Sense 
put 
ing 
PWM Comp 


Device 
RT 
CT 
Cntrl 
Vz 
Gnd 
VREf 
VCC 
E, 
C2 
Cntrl 
Cntrl 
Input 


Tl494 
6 
5 
, 5 
N.A. 
14 
12 
" 
13 
N.A. 


TL495 
6 
17 
15 
16 
12 
11 
14 
13 


Rating 
Symbol 
TL494M/495M 
I 
TL494C/495C 
Unit 


Power Supply Voltage 
VCC 
42 
V 


Any Pin to Gnd except C1 and C2 
VIN 
VCC + 0.3 
V 


Output Voltage 
VC1.VC2 
42 
V 


Output Collector Current 
IC1.IC2 
250 
mA 


Power Dissipation (T A" 
25 CI 
Po 
1000 
mW 
See Thermal Information 


Operating Junction Temperature 
TJ 
°c 
Plastic Pac~age 
- 
125 


Ceramic Package 
150 
150 


Operating Ambient Temperature Range 
TA 
-55 to +125 
o to +70 
°c 


Storage Temperature Range 
Tstg 
°c 
Ceramic Package 
-<'i5to+150 
-<'i5to +'50 


Plastic Package 
- 
-55 to +125 


TL494C!T 
L495C 


Condition/Value 
Symbol 
Min 
Max 
Unit 


Power 
Supply 
Voltage 
VCC 
7.0 
40 
V 


Voltage on Any Pin Except Cl 
or C2 
VIN 
-0.3 
VCC + 0.3 
V 


(Referenced 
to Ground) 


Output 
Voltage 
VCl. 
VC2 
-0.3 
40 
V 


Output 
Colleclor 
Current 
ICl.IC2 
- 
200 
mA 


Timing Capacitor 
CT 
470 
- 
pF 


- 
10 
~F 


TIming 
Resistor 
RT 
1.8 
500 
kn 


Oscillator 
Frequency 
fose 
1.0 
300 
kHz 


Operating 
Ambient 
Temperautre 
Range 
TA 
0 
+ 70 
DC 


TL494C and TL495C 


ELECTRICAL 
CHARACTERISTICS 


(Recommended 
Operating Conditions 
per above except VCC 
= 15 V. fose'" 10 kHz unless otherwise 
noted) 


Reference 
Voltage 
VREF 
4.75 
5.0 
5.25 
V 


IIREF 
= 1.0 mAl 


Line Regulation 
of Reference Voltage 
Regline 
- 
2.0 
25 
mV 


17.0V';;VCC"'40VI 


Temperature 
Coefficient 
of Reference 
Voltage 
TCVREF 
- 
0.01 
0.03 
%1Oc 


IODC" TA';; 
70DCI 


Load Regulation 
of Reference Voltage 
Regfoad 
- 
1.0 
15 
mV 
10'" 
IREF .;; 10 mAl 


Oscillator 
Frequency 
fose 
- 
10 
- 
kHz 
ICT = 0.01 ~F. RT = 12 knl 


Oscillator 
Frequency 
Change 
with 
Temperature 
l:J.fosc 
- 
- 
2 
% 


ODC .;; TA .;; + 70cC 


ICT = 0.01 ~F, RT = 12 knl 


Input 
Bias Current 
(Pin 
4) 
IIBIOTI 
-10 
-2.0 
0 
~A 
IVCC = 15 V, 0 V.;; VIN '" 5.25 VI 


Maximum 
Duty 
Cycle, 
Each 
Output 
DCmax 
45 
- 
- 
% 


IVCC= 
15V',Pin4=OV, 


"Output 
Control" 
Pin = VREFI 


Input 
Threshold 
Voltage 
VTH(in) 
V 


Zero 
Duty 
Cycle 
- 
3,0 
3.3 


Maximum 
Duty 
Cycle 
0 
- 
- 


Error Amplifier 
Input Offset Voltage 
V'OIEA) 
- 
2.0 
10 
mV 
(V03 
a 2.5 VI 


Current Limit Amplifier 
Input Offset Voltage 
VIO(CL) 
88 
110 
132 
mV 
(V'CM 
= 0 V) 


Input Offset Current 
1'0 
- 
25 
250 
nA 
1V03 = 2.5 VI 


Input Bias Current 
'18 
- 
0.2 
1.0 
"A 
(V03 = 2.5 V) 


Input Common Mode Voltage Range 
V'CR 
-<l.3 
- 
VCC - 2.0 
V 
(7 V •• VCC" 
40 V) 


Large Signal Open Loop Voltage Gain 
AVOL 
60 
74 
- 
db 
(AV03 
= 3 V. 0.5 V •• V03" 
3.5 VI 


Unity Gain Crossover Frequency 
Ie 
- 
650 
- 
kHz 


Output Sink Current 
'0- 
-<l.3 
-<l.6 
- 
mA 
(0.5 V •• V03 •• 3.5 VI 


Output Source Current 
'0+ 
2.0 
- 
- 
mA 
to.5 V •• V03 •• 3.5 VI 


PWM COMPARATOR 
SECTION 
IP;n 3) 


Inhibit Threshold Voltage 
(Zero Duty Cycle) 


Input Sink Current 


Output Saturation Voltage 
VCElsatl 
V 
Common-Emitter 
Configuration 
- 
1.1 
1.3 
(VE = 0 V. IC = 200 mAl 
Emitter-Follower 
Configuration 
- 
1.5 
2.5 
(VC = 15 V. 'E = 200 mAl 


Output Collector Leakage Current 
ICEO 
- 
2.0 
200 
"A 


(VCC = 40 V. VCE = 40 VI 


Output Short-Circuit 
Current, Each Output 
'OS 
- 
450 
- 
mA 


ITA = 250CI 


Output 
Control 
Pin 
Output 
Control 
TL494 
I 
TL495 
Pin Condition 
Output 
Function 


I 


OV';; 
Vac 
<:0.4 V 
Single-Ended 
or Parallel 
Output 


13 
14 
2.4 V <; Vac 
<: VREF 
Push-Pull 
Output 


TL494C/TL495C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Low·Level 
Input 
Current 
laCL 
- 
- 
-'600 
~A 


(Vac 
= 0.4 VI 


High-Level 
Input 
Current 
laCH 
- 
- 
+200 
~A 


(Vac 
= 2.4 VI 


Pin 
13 Condition 
Pin 
14 Condition 
Output 
Function 


Open 
Normal 
Push-Pull 
Operation 


av 
•• VST" 
0.4 V 
2.4 v •• Vac" 
VREF 
PWM 
Output 
at Q, 


2.4 V •• VST" 
VREF 
PWM 
Output 
at 02 


TL495C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Low·Level 
Input 
Current 
ISTL 
~- 
- 
-200 
~A 


(VST = 0.4 VI 


High-Level 
Input 
Current 
ISTH 
- 
- 
+200 
~A 
IVST = 2.4 VI 


TL495C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Zener 
Voltage 
Vz 
- 
39 
- 
V 


(VCC = 42 V, 115= -2~0 mAl 


Sink 
Current, 
Pin 
15 
IRZ 
- 
0.3 
- 
mA 


IVcc 
= 15 V, V15 = 1.0 VI 


Characteristic 


Standby 
Power 
Supply 
Current 


Symbol 


ICC 


OUTPUT AC CHARACTERISTICS 


(Use 
Recommended 
Operating 
Conditions 
except 
T A = 250C 
unless 
otherwise 
noted) 


TL494C/ 
TL495C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Rise 
Time 
of Output 
Voltage 
I, 
n, 


Common-Emitter 
Configuration 
- 
100 
200 


Emitter-Follower 
Configuration 
- 
100 
200 


Fall 
Time 
of Output 
Voltage 
If 
n, 


Common-Emitter 
Configuration 
- 
25 
100 


Emitter-Follower 
Configuration 
- 
40 
100 


To 
Remainder 
of Error 
Amplifier 
Circuit 


TleTo 
Gnd or 
a Voltage 
up to 
0.4 
V 


To Remainder 
of 
C.L. Sense Amplifier 
Circuit 


To Compensation/PWM 
Comparator 
Input 
(Pin 3) 


Tie to VREF 
or a Voltage 


as Low 
as 2 4 V 


~' 
to 500mA 


51,1\/8 


(Additional 


CT 
Clfcuits) 
l- 
_ 


Vo 
To Output 
Voltage 
of 
System 


3 cr--~-"';' 
' 
- 
Amp 
- 


2 


A' 


POSIT! VE OUTPU 
r VOL T AGE 


Al 


Vo 
= VREF(l 
~ A--;) 


NEGATIVE 
OUTPUT 
VOLTAGE 


R, 


Vo.: 
--VAEF 
-~ 
A2 


( 
250 
mA 


( 
250mA 


Vo 
To Output 
Voltago 
of 
System 


The maximum power consumption an integrated circuit 


can 
tolerate 
at 
a given 
operating 
ambient 
temperature, 
cen 


be found 
from 
the equation: 


TJ(max) 
- TA 
PD(T Al = ----- 
;;. IC VCC 
ROJA(Typ) 


Where: 
PD(TA) 
= 
Power 
Dissipation 
allowable 
at 
a given 


operating 
ambient 
temperature. 


T J(max) 
= Maximum 
Operating 
Junction 
Temperature 
as listed 
in the Maximum 
Ratings 
Sectio, 


TA = Maximum 
Desired 
Operating 
Ambient 
Temperature 
ROJA(Typ) 
= Typical 
Thermal 
Resistance 
Junction 
to 
Ambient 


IC = Total 
Sink Current 
VCC = Supply 
Voltage 


~. 
-; 
A[;'=1 
I 
-\-j-1 


.' 
~_l 
~ 
J 
I I 
--I 
G 
'-. JL' 
KJ 
...Jl., 
• 
L 
_H_ 
0 
SUTIHG 


I'lAJrI( 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
19.05 
1981 
01~O 
0180 


-8 
6.22 
698 
0.2450215 
C 
4-:06 
5.iii 
0160 
0200 


D 
0.38 
O.~I 
0015 
0020 


f 
"""1.40 
1.65 
O.D~S 0065 
G 
254 SSC 
----o.i"oossc- 


H 
-051 
1.14 
0,020 
0()4!l 
J 
0,20 
031 
0.008 
0.012 
K 
fl8 
rl"31l"Q.l25 0.160 
L 
137 
787 
0 
031 
M 
ISO 
- 
150 


N_ 
OSI 
102: -o.o-2]i 
-0"]40 


NOTES 
1 
LEADS WITHIN 0 13 mm 100051RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION 


2 
PI(G INDEX 
NorCH IN LEAD 
NOTCH IN CfRAMICOR 
INK DOT 


3 
DIM T' TO CENTER OF LEADS 
WHl:N fORMED PARALLEL 


J SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


ROJA 
= 1000C/W 


·-i;:::::::JJ l 


-JF~ 
OPTIONAL 
LEAD 


I 
CONFIG. 
11,8,9, 
& 16} 


1\ 
r.= '-l 
m--~-··~~\J4t 
t~-) 


JH~ 
~ 
G 
- 
JL-o 
SEA.TlNG 
K"' 
-/l-J 
M- 
L 


PlA.,.E 


MILLIMETERS 
INCHES 
D'M 
M'N 
M.X 
M'N 
M.X 
• 
2210 
0.870 


B 
610 
6.60 
0.240 
0160 


C 
S.OB 
- 
DIDO 


D 
038 
0.S3 
0,015 
0.011 


F 
I,n 
0.010 


G 
2548SC 
0100 BSe 


H 
0.38 
2.41 
0.015 
D.09S 
±: tFO 
038 
0.008 
O.OlS 
_!IT::- 
1 


L 
7.628SC 
0.300 esc 


M 
0 
lS 
O~fo~ 
N 
0.51 


R 
8.16 
0.31$ 


N SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 
(TL494C 
ONL Y) 


ROJA 
= 100oC/W 


WVW~Xt:~f 


H.......J--F'- 
_L 
0 
LSEATIN<> PLA.•.• 
IE: 


MILLIMETERS 


OIM 
M'N 
MAX 


A 
22.35 
23.11 
• 
6.63 
1.24 


C 
S.08 


D 
0,41 
0.51 


F 
1.40 
1.65 


G 
H4BSC 


H 
0.76 
1.02 


J 
0.13 
0.38 
• 
.... 


L 
7.37 
.00 


M 
IS' 
• 
0.51 
0.16 


HOTES. 


1. LEAOS, TRUE POSITIONEO 
WITHIN 0.25 mm 10,010)OIA 
AT SEATING PLANE,AT 
MAXIMUM MATERIAL 
CONOITlON. 


2. OIM "LuTO 
CENTER OF 


LEADS WHEN FORMEO 
PARALLEL. 


3. DIM "A" & "B" INCLUDES 


MENISCUS. 


J SUFFIX 


CERAMIC 
PACKAGE 


CASE 
726 


AO JA = 100oC/W 
(Typ) 
2 -165 


NOTES' 


1. LEAOSWITHINO.IJmm 


10.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL 
CONDITION. 
2. DIMENSION ·'L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARAllEl 
3. DIMENSION "8'· ODES NOT 
INCLUDE MOLD FLASH 


4. "F" 
DIMENSION IS FOR FUll 


LEADS. ·'HALF" 
LEADS ARE 
OPTIONAL AT LEAD POSlTtONS 
1,8,9,indI61 


5 
DIMENSION "R" 
TO BE 
MEASURED AT THE TOP OF THE 
LEADS (NOT AT THE TIPS). 


t~tAl- 
JH>- 
-< G I- 
_II- 
D ' 
"-1 
M 
-\\- 
J 
SEATING 


PLANE 
NOTES 


I 
LEAOSWITHIN 0.13 mm 
(0005l RADIUM OF TRUE 
POSITlON AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION 


101M 
"G·') 


2 DIMENSION ··L'· TO CENTER 


OF LEADS WHEN FORMED 
PARAllEl 


MILLIMETERS 
INCHES 


on-, 
M~ 
'!!:AX 
'M1N 
MAX 
A 
23 11 
2388 
0-:-910 
a 940 


8 
610 
660 
triif 
0260 
~~TH~~~~~~ 
F 
1.112I:5T 
0040- 0060 


G 
H4BSC 
0100BSC 


H 
T32 
1.83 
0.052 
O.on 


J 
0.20 
030 
0.008 
0012 


K 
2:92 
3.43 
0.115 
0.135 
L 
7.31 
181 
02!O 
aJIO 


M 
00 
1110-. 
00- 
10 


'L...tiI!.. 
-LQ:L J!:020 
-l!~O 


N SUFFIX 


PLASTIC 
PACKAGE 
CASE 
701 
01 


(TL495C 
ONLY) 


ROJA 
- 
1000C/W 
(Typ) 


SECTION 3 
TV INTEGRATED CIRCUITS 


Device 
Designation 
Package 
Page 


MC1327A 
Dual Doubly 
Balanced Chroma Demodulator 
646 
3-3 
MC1374 
TV Modulator 
Circuit 
646 
3-8 
MC1391P 
TV Horizontal 
Processor 
626 
3 -12 
MC2801P 
Linear Control 
Chip for Frequency Synthesizer 
System 
707 
3 - 17 
MC6200 
TV Synthesizer 
Controller 
711 
3 - 21 
MC6203 
Remote Control 
Receiver 
710 
3 - 23 
MC6215 
Remote Control 
Receiver with 
On-screen Display 
710 
3 - 30 
MC14426 
Tuning 
Memory 
System, Memory 
648 
3 - 40 
MC14429 
P-B 
Tuning 
Memory 
System, Control 
707 
3 - 43 
MC14430 
Input Address Encoder 
648 
3 - 47 
MC14493 
CMOS 7-Segment Decoder, Driver 
648 
3 - 51 
MC14494 
CMOS 7-Segment Decoder, Driver 
648 
3 - 51 
MC14497P 
CMOS PCM Remote Control 
Transmitter 
707 
3 - 55 
MC14499 
CMOS 7-Segment 
LED Display 
Decoder/Driver 
707 
3 - 61 
MC144100 
CMOS Duplex 
Mode 32-Segment 
LED Driver 
709 
3 - 67 
MC144110 
CMOS Hex Static 
D/A Converter 
707 
3 -74 
MC144111 
CMOS Quad Static D/A Converter 
646 
3 - 74 
MC144115 
CMOS 2-Digit/16-Segment 
LCD Driver 
709 
3 - 80 
MCM2801 
NMOS 16x16 Non Volatile 
Memory 
632 
3 - 86 
MCM2802 
NMOS 32x32 
Non Volatile 
Memory 
632/646 
3 - 92 
MCM144102 
CMOS 16-Bit/16-Word 
Static 
Ram 
626 
3 - 98 
SAA1006 
Diode Matrix 
Encoder 
648 
3 - 103 
SMA2001 
See MCM2801 
632 
3 - 86 
TBA120C 
FM/IF 
Amplifier, 
Limiter 
and Detector 
646 
3 - 105 
TBA120D 
FM/IF 
Amplifier,. 
Limiter 
and Detector 
646 
3 - 105 
TBA395 
Chrominance 
Combination 
646 
3 - 110 
TBA396 
Luminance, 
Chrominance 
Combination 
646 
3 - 114 
TBA920 
Horizontal 
Combination 
648 
3 - 118 
TBA920S 
Horizontal 
Combination 
648 
3 - 118 
TBA2110 
FSK Demodulator 
646 
3 - 121 
TCA5500 
Stereo Sound Control 
System 
707 
3 - 124 
TDA1190Z, 
P 
TV Audio 
System 
722A/648 
3 - 128 
TDA2002, 
A 
Audio 
Power Amplifier 
314A/314B 
3 - 132 
TDA3030 
Secam Adapter 
710 
3 - 134 
TDA3300B 
TV Color Processing System, PALINTSC 
711 
3 - 140 
TDA3950A 
Chrominance 
Combination 
646 
3 -148 
UAA1008A 
Tuning 
Memory 
System - 
Linear Processor 
724 
3 - 152 
UAA2000A 
Phase-Locked 
Loop Synthesizer 
& Driver 
724 
3 - 158 
UAA2001 
Synthesizer 
Amplifier 
& Driver 
648 
3 - 169 
UAA2010 
Synthesizer 
Amplifier 
& Driver 
648 
3 - 175 
UAA2011 
TV Time Base Processor 
710 
3 - 181 
UAA2022 
16-Bit 
LED Driver / or MPU Interface 
Circuit 
724 
3 - 182 


MC1327A 


DUAL DOUBLE BALANCED 
CHROMINANCE 
DEMODULATOR 
WITH 
RBG MATRIX 
AND PAL SWITCH 


CHROMINANCE 
DEMODULATOR 
WITH RBG OUTPUT MATRIX 
AND 
PAL SWITCH 


· .. 
a monolithic 
device designed for use in PAL colour television 
decoders. 


• 
Good chrominance sensitivity 0.22 V p.p Input typical for 5 V 
p-p Output 
• 
Differential DC Temperature Stability 0.5 mVrC 
typo 


• 
High B·Y Output Voltage Swing 10 V p.p 
• 
Blanking Input Provided 
• 
Luminance Bandwidth greater than 5 MHz. 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 646 


~250V I 


47k 
tk 


VIDEO 
OUTPUT 


TO OTHER 
OUTPUT 
STAGES 


47k 


Rating 
Value 
Unit 


Power Supply Voltage 
30 
Vdc 


Chrominance Signal Input Voltage 
5.0 
VpK 


Reference Signal Input Voltage 
5.0 
V~K 


Minimum load resistance 
3.0 
K 


Luminance Input Voltage 
12 
Vp-p 


Blanking Input Voltage 
7.0 
Vp-p 


Power Dissipation 
1000 
mW 
Derate above 25°C 
8 
mW/oC 


Operating Temperature 
Range (Ambient) 
-20 
to +75 
°c 


Storage Temperature 
Range 
-65 
to +150 
°c 


ELECTRICAL 
CHARACTERISTICS 
(VCC = 24 V, RL = 3K3, TA = 25°C, 
4.43 
MHz reference 
input 
1 Vp-p 
(unless 
otherwise 
stated) 


Characteristic 
Pin No. 
Min. 
Typ. 
Max. 
Unit 


Quiescent Output Voltage 
1,2,4 
13.2 
14.7 
15.8 
Vdc 


Quiescent Input Current from Supply (Fig. 2) 
14 
RL = 
<Xl 
7.5 
mAdc 
RL = 3K3 
16 
19 
26 
mAde 


Reference Input dc Voltage (Fig. 21 
5,12,13 
6.2 
Vdc 


Chrominance Input dc Voltage (Fig. 21 
8,9,10 
3.4 
Vdc 


Differential 
Output Voltage (Fig. 2) (see note 1) 
1,2,4 
0 
0.6 
Vdc 


Differential 
Output Voltage Temperature Coefficient 
1,2,4 
0.5 
1.5 
mV/oC 
+25 °c to +65 °c. (See note 1) (Fig. 2)' 


Output Voltage Temperature Coefficient 
1,2,4 
-4 
mV/oC 
(see note 1) (Fig. 2) 


CharactedS1ic 
Pin No. 
Min. 
Typ. 
Max. 
Unit 


Blue Output 
Voltage Swing (seenote 2) (Fig. 31 
4 
8 
10 
Vp-p 


Chrominance Input Voltage at Blue Output::: 
Vp·p 
8 
150 
220 
350 
mVp..p 
(see note 3) (Fig. 3) 


Luminance Input Resistance 
3 
100 
Kn 


Luminance Gain from pin 3 to Outputs 
1,2,4 


@dc 
0.95 
@5.0 MHz referred to 100 KHz 
-1.8 
do 


Differential 
Luminance Gain RGB Outputs at 5 MHz 
1,2,4 
0.3 
db 


Blanking Input Resistance 
6 
(1 Vdc) 
1.1 
KI1 


10 Vdc) 
75 
KI1 


Ratio of colour matrices (see note 3) (Fig. 3) 


B;R 
4.2 
1.50 
1.78 
1.96 


(no-boy input) 
R;G 
2.1 
1.76 
1.96 
2.16 


(no r-y input) 
8;G 
4.1 
4.64 
5.15 
5.67 


PAL Switch Operating Voltage 7.8 KHz square wave 
11 
0.3 
Vp·p 


Red Output Offset with PA L switch Operation 


2 
100 
mVp..p 
7.8 KHz square wave 


Demodulator 
Unbalance 4.43 MHz residual carrier (normal 
1,2,4 
100 
200 
mVp·p 
4.43 MHz reference signal with no chrominance inputl 


Residual 4.43 MHz plus harmonics ourput voltage (with 
4.43 MHz reference and chrominance input such 
1,2,4 
0.6 
1.0 
Vp-p 


that Bout::: 
5 Vp-p 


Reference input resistance chrominance input::: a 
12,13 
2 
KI1 


Reference input capacitance chrominance input 
:II a 
12,13 
6 
pF 


Chrominance input resistance 
8,9,10 
2 
Kn 


Chrominance input capacitance 
8,9,10 
2 
pF 


Note: 
1. 
Ch"ominance input signal voltage :::0 and normal reference input voltage z 1 Vp·p 4.43 MHz. 


2. 
With normal reference input signal voltage adjust chrominance input signal voltage to 1.2 Vp-p. 


3. 
With normal reference signal voltage adjust chrominance input signal voltage until the blue output voltage::: 5 VP-P. 


B-Y 
INJECTION 
13 


DC 
B 
INJECTION 
OUTPUT 
5 
• 


10 


CHROMA 
DC 
REFERENCE 


G 
OUTPUT 
1 


R 
OUTPUT 


2 


11 


PAL 
SWITCH 
SIGNAL 


R-Y 
INJECTION 
12 


14 
Vee 
13k 
(+24Vdc) 


I_:::A:_:::~ 


J~, 
Hr-- 
-i 
G I- 
--H.-'::O 
PLANE 


Of'? 


••• 
',1 


REfERENCE~ 


INPUT 
5~ 
y' 


Rl 
Rl 
0.1f" 
2.2k 
~ 


5.1k 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 646 


NOTES: 


,. 
LEAOSWITHINO.13mm 


(0.0051 
RAOIUS 
OF TRUE 
POSITION 
AT SEATING 
PLANE 
AT MAXIMUM 
MATERIAL 
CONOITION. 


2. OIMENSION 
"L" 
TO 
CENTER 
OF LEAOS 
WHEN 
FORMED 
PARALLEL 


=lJ~T 


MilLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
18.16 
18.80 
0.715 
0.740 
B 
6.10 
6.60 
0.240 
0.260 
e 
4.06 
4.57 
0.160 
0.180 
D 
0.38 
0.51 
0.015 
0.020 
F 
1.02 
1.52 
0.040 
0.060 
G 
2.54 8SC 
0.100 
8se 
H 
1.32 
1.83 
0.052 
0.072 
J 
0.20 
0.30 
0.008 
0.012 
K 
2.92 
3.43 
0.115 
0.135 
L 
7.37 
7.87 
0.290 
0.310 
M 
- 
100 
- 
10° 
III 
0.51 
1.02 
0.020 
0.040 
P 
0.13 
0.38 
0.005 
0.015 
0 
0.51 
0.76 
0.020 
0.030 


The MC' 374 includas 
an FM audio modulation, 
sound carrier 
oscillator, 
RFoscillator, and RFdual input modulator. It is designed 
to generate a TV signal from audio and video inputs. The MC' 374's 
wide dynamic range and low distortion 
audio make it particularly 
well suited for applications such as video tape recorders and video 
disc players. 


• 
Single Supply, 5 V to '2 V 


• 
Channel 3 or 4 Operation 


• 
Variable Gain RF Modulator 


• 
Wide Dynamic Range 


• 
low 
Inter modulation 
Distortion 


• 
Positive or Negative Sync 


• 
low Audio Distortion 


• 
Few External Components 


FIGURE' 
- 
TYPICAL 
APPLICATION 


t2 V 
VCC 


VCc 


8 


9 


10 


11 


12 


13 


+ C6 


14 
( 


10~F 


Sound 
Carrier 
Oscillator 
8+ 
4 
1\4 
o.Ot* 
6.8 k 


Sound Carrier 
Input and de Reference 
for Video Input 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


••• 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


Supply Voltage 
(Pin 8 and Pin 4) 
12V 


! 


Sync 
Positive or 
Negative 


i 


V;deo Input Dynamic 
Rargf:. 
2.0V 


, 
(Max White 
to Sync Tips) 


RF Output 
Voltage 
15mVRMS 


Carrier 
SUi'presslon 
>40 dB 


LinearityOve,30dB Range 
2% 


920 kH. Beat 
-60 dB 


Sound Input for 16 kHz Deviation 
<100 mV 


4.5 MHz Oscillator 
Harmonics 
-'lOdB 
, 
I 
AUdio Distortion 
<0.5% 


The RFoscillator in the MC1374 is similar to the osdla- 
tor in the MC1372 and the MC1373, and IScoupled to the 


modulator 
in the 
same 
way. 


The coil and capacitor connected between Pins 6 and 7 
should be selected to have a parallel resonance at the 


carrier 
frequency 
of the desired 
TVchannel. 
The values 
of 
56 pF and 0.1 I'H shown i~ Fi(j~re 1 were chosen for a 
Channel4carrier 
frequency of 67.25 MHz. Far Channel3 
operalton, the resonant frequency should be 61.25 MHz 
(C= 75 pF. L = 0.1 I'HI. ResIstors R2 and R3 are chosen to 


provide 
an adequate 
amplitude 
of switching 
voltage. 


whereas 
R 1 is used 
to lower 
the 
maximum 
de 
level 
of 


switching 
voltage 
oelow 
VCC. 
thus 
preventing 
saturation 
wIthin the IC. 


For two·channel 
operation. 
one SIde of the 
tank 
may 
be 
ac grounded by moving C1 to P;n 6 or 7. A capacitor can 
then be switched in between the hot side of the tank and 
ground to tune the lower channel. 


The video modulator is simllarto the MC1496 balanced 


modulator, 
where 
input 
Pins 
1 and 1 1 correspond 
to Pins 
1 
and 4 of the MC1496 and the modulator gain-setting Pins 
12 and 13 correspond to Pins 2 and 3 olthe MC1496. Only 


one 
pair 
of modulator 
collectors 
are 
brought 
out on Pin 9. 
The other pair are returned to VCC. 


Thedc levels on Pins 1and 11are externally determined. 
The limits of dc plus video are between 2.5 and 1.5 volts 
below the dc voltage on Pins 6 and 7. This will prevent 


saturation 
of any 
of the 
modulator 
transistors. 


In a typical 
application 
where 
the 
composite 
video 
information 
is dc coupled to Pin 11, the bias on Pin 1 


is set 
to give 
the 
deSired 
modulation 
charaetenstic. 
The 


Pin 
1 bias 
may 
be 
set 
either 
below 
max 
white 
level 
for 


positive 
sync. 
or above 
max 
white 
for 
negative 
sync. 
As 


shown 
in Figure 
2 and 
3. minimum 
carrier 
occurs 
when 


the 
voltage 
on Pins 
1 and 
11 are 
equal. 


The gain-setting resistor. RS.between Pins 12 and 13. 


is picked to give the proper modulation depth for the avail- 
able composite video amplitude. 


The modulated RFsignal is presented as a current at the 
RF output. Pin 9. Since this pin respresents a current 
source. any load impedance may beselected for matching 
purposes and gain selections as long as the voltage on 
Pin 9 is high enough to prevent the output devices from 
reaching saturation. Lowering the dc voltage on Pins 6 and 
7 gives increased RFoutput capability at the expense of 
video input range. 


The sound carrier oscillator and audio modulator have 
internally set bias. A separate B+ is supplied to the oscil- 
lator, via Pin 4, so the oscillation may be easily disabled 
while tuning the RFtank. The sound carrier frequency is 
determined by L2 and C3. The oscillator feedback is fed 
to L2 through dc blocking capacitor C5, and 4.5 MHz 
appears at the input to the oscillator, Pin 3. 


The sound carrier is coupled to the modulator input, Pin 


1. R6is chosen to give the desired sound carrier amplitude. 


The value depends upon the Oof L2, R4 and R5 values, 
and the RF modulator gain as set by RS. 


Baseband audio IS fed to the audio modulator on Pin 14. 
The audio directly modulates the sound carrier oscillator 
for a flat characteristic and very low distorti,,". 
The input 
impedance on Pin 14 is nominally 6.0 kO. If the audio 
available 
is much greater 
than necessary 
for proper 
deviabon, a series resistor can be added to allow a low 
value for C6. 


Where the application calls fortight frequency stability, 


the sound carrier oscillator may be frequency controlled 
by supplying a dc current to Pin 14 from a suitable AFC 
Circuit. The nominal voltage at Pin 14 is four diode drops 
above ground, or approximately 
3.0 volts. Supplying 


current 
to 
Pin' 
4 Increases 
the 
frequency. 
and 
pulling 


current 
out of Pin 
14 reduces 
it. 


Pin 1 
Voltogo 


2.5 V -r1--r1-MoxWhite 


Pin 6 
Minu.l.5 
V 


Pin 
1 
Voltog. 
u 
u---- M•• Whil. 


The 
mu:imum 
power 
consumption 
an 
integrated 
circuit 
can 


tolerate 
at a given 
operating 
ambient 
temperature 
can 
be found 
from the equation: 


POITA)' 
TJI/Nx) 
- T A 


R9JAIlVpl 


where 
PO(T A) • Power 
Oissipation 
allowable 
at • given operating 


ambient 
temperature. 
This 
must 
be greater 
than 
the 
sum of the 
products 
of the supply 
voltages 
and supply 
currents 
at the worst· 


cas. operating 
condition. 


TJlm.x) 
• Ma)omum 
Operating 
Junction 
Temperature 
as listed 


in the Maximum 
Aatings 
Section 


TA ,. MaXimum 
aeslred 
Operating 
Ambient 
Temperature 


A8JA(tyP) 
,. Typical 
Thermal 
Aesistance 
Junction 
to Ambient 


OTr~ 
.1 C 


\" 
J 


II 
~SeATING 
K 
JL 
-II- 
0 PLANE 
M 


NOTES: 
I. LEADS WITHIN 0.13 mm 


10.Oasi RADIUS OF BUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL 
CONDITION. 


2. DIMENSION ·'L· TO 
CENTER OF LEADS 
WHeN FORMED 
PARALLEL. 


3. DIMENSION "S" ODES NOT 


INCLUDE MOLD FLASH. 
~. ROUNDED CORNERS OPTIONAL 


MILLIMETERS 
'NCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
lS.16 
19.56 
0.715 
0.770 
B 
.10 
0 
.240 
e 
4.06 
5.0S 
0.160 
0.200 
0 
0.3S 
0.53 
0.015 
0.021 
F 
1.02 
1.78 
0.040 
0.070 
.. 
1. 
2." 
.5 
0.2 
O. 
3.03 
0135 
L 
7. 2 sse 
.0 
B 
M 
0 
10_ 
0 
IO_ 
N 
0.51 
102 
0.020 
0.040 


CASE 646-05 


P SUFFIX 


PLASTIC 
PACKAGE 


Motorola 
reserves 
the fight 
to make 
changes 
to any productS 
herein 
to ,mprove 
reliability. 
functlon 
or deSIgn. 
Motorola 
does 
not assumeanyl,aollltya"sJng 
out 
of the 
application 
or us. 
of any 
product 
or CirCUit described 
hereIn; 
ne'ther 
does 
It conv.v 
any 
license 
u!)der 
Its patent 
rights 
nor the rights 
of others 


Device 


MC1391P 
MC1394P 


Temperature 
Range 


O·C to +75·C 
O·C to +75·C 


Package 


Plastic 
DIP 
Plastic 
DIP 
MC1391P 


. low-level 
horizontal 
sections 
including 
phase detector, 
oscillator 


and 
pre-driver 
- 
a device 
designed 
for 
use in all 
types 
of 
television 


receivers. 


TV HORIZONTAL 
PROCESSOR 


• 
Internal Shunt Regulator 


• 
Preset Hold Control Capability 


• 
±.300 Hz Typical Pull·ln 


• 
Linear Balanced PhaseDetector 


• 
Variable Output Duty Cycle for Driving Tube or Transistor 


• 
Low Thermal Frequency Drift 


• 
Small Static PhaseError 


• 
Adjustable de Loop Gain 


• 
MC1391P - Positive Flyback Inputs 


• 
MC1394P - 
Negative Flyback Inputs 


3 k 


CA 
AD 


AC! 


Hold 
. 
,oO~FI 
2.7 k 


12 k 


0.0068 
~F 
A. 
r 


CB 
24 
k 


[ 


0 


High 
Voltage 
TripIer 


MC1391 
P 


0' 


MC1394P 
• 


0005 


~F I 


5.0jAF 
1.5 


MPS·U04 
or Equiv 


"MC1394P 
designed 
to accept 
r.v •••• 
polarity 
sawtooth 
at 


Pin 4 if sync pulse not 
derived 


from 
MJ105 
collector 


-20 
V Sync 


This circuit 
hat an oscillator 
pull.in 
range of ±300 
Hz •• noj. bandwidth 


of 
320 
Hz, and. 
damping 
factor 
of 
0.8. 


Reting 
V.lue 
Unit 


Supply Current 
40 
mAdc 


Output 
Voltage 
40 
Vde 


Output 
Current 
30 
mAde 


Sync 
Input 
Voltage 
(Pin 31 
5.0 
VIp-pi 


Flyback 
Input 
Voltage 
IPin 41 
5.0 
Vip_pI 


Power Dissipation (Package Limitation) 


Plastic Package 
625 
mW 


Derate above T A = +250C 
5.0 
mW/oC 


Operating Temperature 
Range (Ambient) 
o to +75 
DC 


Storage Temperature 
Range 
-65 to +150 
DC 


Charac1eristic 
Min 
Typ 
Ma. 
Unit 


Regulated 
Voltege 
(Pin 61 
8.0 
8.6 
9.0 
Vde 


Supply Current 
(Pin 61 
- 
20 
- 
mAde 


Collector· Emitter Saturation 
Voltage (Output 
Transistor 
Vde 
Q1 in Figure 6) 


(II: = 20 mAt Pin 1) 
Vde 
- 
. 
0.15 
0.25 


Voltage 
{Pin 41 
- 
2.0 
- 
Vdc 


OscIllator Pull·in Range (Adjust RH in Figure 2) 
- 
±.300 
- 
Hz 
------ 
Oscillator Hold-in 
Range (Adjust RH in Figure 2) 
- 
±.900 
- 
Hz 


Static Phase Error 
~s 


ltol 
= 300 Hz) 
- 
0.5 
- 


Free-runnin:J Frequency 'Supply Dependance 
HzlVdc 


(Sl 
In position 2) 
- 
±'3.0 
- 


Phase Detector 
Leakage (Pin 51 
~A 
(All switches in position 2) 
- 
- 
±.1.0 


Sync 
Input 
Voltage 
IPin 31 
2.0 
- 
50 
Vlp-pl 


Sawtooth 
Input Voltage (Pin 4) 
1.0 
- 
3.0 
Vip-pi 


TYPICAL 
CHARACTERISTICS 


(T A"" +2SoC 
unless otherwise 
noted.) 
ri¥--'/ 
I' 


4 
O.I,:F 
3.3 k 
e 
52 


jl.A 
51 
O~\jl.Fi 
1 


-= 
+4.0 
V 
' 
2e 
Pulse 
Generator 


6 
3 
" 


53 
Sync 
Pulse 


1\ 
--- 


• -20 V, 


39 k 
1 
5.0Jls. fO = 
MC1391P 
0.003 
150 k 
0' 
jl.F 
15,750 
Hz 


R~ 
12 k 
7 
MCI394P· 
2 


'3k 
Output 
~ 
6800 pF; 
Pulse 
8 
+30 
V 
Putse 
Generator 


r 
I 


Output 
3 
+50 
V· 
1 k 
1 
12 p.s 
.VM 
"= 
2 k 
- 


REFERENCE FREQUENCY. 


15,750 Hz 
- 
r---- 
-- 
~ 


S3 in Position 2 
..•....•...•. 


..•....••.•. 


•..••.•.. 


i 
~ 
·10 
z 
~ 
-20 
8 
~ 
-30 


<1 -40 


-50 


-60 


-70 
o 


./ 
".- 
// 
f 
REFERENCE FREQUENCY. 
_ I----- 


I 
IS, j50H' 
I 


~ 
+30 


.1; 
'"c 
>- 
~ 
+20 
'"8 
'" 


./ 
V- 


I 
I 
1/ 
I--- f- 
fO' 
15,750 H, 


t 
'" 63.5"'5 
V 
!/ 
1/ 
1/ 
1/ 
/ 


~ 
4.0 
w 
'" 
~ 
315 
c 


~ 
35 
> 


20 
30 


POSITIVE 
PULSE 
WIDTH 
Val 


Rl 
26 k 


Mark 
$pa.-:P. 


8 
Ratio 


Output 
03 


1 
01 
02 
R3 


R2 
6.8 
k 


Phase 
Detector 
Output 


4 MC1394P 
------~.. 
Only 


4 
MCl391P 
Sawtooth 
Only 


Input 


The 
MC1391P 
and MC1394P 
contain 
ttoe oscillator, 
phase de- 
tector 
and 
predriver 
sections 
needed for 
a television 
horizontal 
APe loop. 


The 
oscillator 
is an RC 
type 
with 
one 
pin 
(Pin 
7) used 
to con- 


trol 
the timing. 
The basic operation can be explained easily. 
It 
it is assumed 
that 
07 
is initially 
off, then 
the capacitor 
connected 
from 
Pin 7 to ground will 
tx>charged by an external 
resistor (Rei 


connected 
to 
Pin 6. 
As soon 
as the~oltage 
at Pin 
7 exceeds 
the 
potential 
set 
at the 
base of 08 
by resistors 
RS and 
R 1O. 07 
will 
turn on and Q6 will supply basecurrent to as and 010. 
Transistor 
010 will set a new, lower potential 
at the base of 08 determined 
by 
AS. 
A9 
and A 10. 
Then, transistor as will 
discharge the 
capacitor through R4 until 
the base bias of 07 falls below that 
of as, at which time 07 will turn off and the cycle repeats. 
The sawtooth generated at the base of 04 "",II appear across 
R3 and turn off 03 
whenever it exceeds the bias set on Pin 8. 


By adjusting the potential 
at Pin 8, the dutY cycle (MSR) at the 
predriver output pin (Pin 1) can be changed to accommodate either 


tube or transistor horizon~al output stages. 


The phase detector is isolated from the remainder of the circuit 
by R14 and 22. 
The phase dfltector consists of the comparator 
015, 016 and the gated current source 017. 
Negative golOg sync 
pulses at Pin 3 turn off 
012 
and the current division 
between 
015 and 016 will 
be determined by the phase relationship of the 
sync and the sawtooth waveform at Pin 4, which is derived from 
the horizontal 
f1yback pulse. 
If there is no phase difference be· 


tween the sync and sawtooth, 
equal currents will 
flow 
in the 
collectors of 015 
and 016 
each for half the sync pulse period. 


The current 
in 015 
is turned around by ala 
so that there is no 
net output current at Pin 5 for balanced conditions. 
When a phase 
offset occurs, current 
will 
flow 
either in or out of Pin 5. 
This 
pin 
IS connected 
via an external Jaw-pass filter 
to Pin 7, thus 
controlling 
the oscillator. 


Shunt regulation for the CIrcuit is obtained with a zero temp- 


erature coefficient 
from the seriescombination 
of 01, 02 and 21. 


Although it is an integrated circuit, the MC1391P and MC1394P 
have all 
the 
flexibility 
of 
a conventional 
discrete component 
horizontal APC loop. 


The internal temperature compensated voltage regulator allows 
a wide supply voltage variation to be tolerated. enabling operation 
from 
nonregulated power supplies. A minimum 
value for suoply 
current 
into 
Pin 6 to maintain zener regulation is 'bout 
18 mA. 


Allowing 
2mA for the external dividers 


Vnonreg(minl 
-8.8 
RA 
+ RS = ---20 
x 1O-~ 


Components AA. RS and CA are used for ripple rejection. 
If 
the supply voltage ripple 
IS expected to be less than 100 mV lfor 
a 30 Volt 
supply I then RA and AS can be combined and CA 
omitted. 


The output 
pulse width 
can be varied from 6 ~s to 48 IlS by 
changing 
the voltage at Pin 8 
(see Figure 5), 
However, care 
should be taken to keep the lead lengths to Pin 8 as short as possi· 
ble to prevent ringing which can result in erroneous output pulses 
at Pin 1. 
The parallel impedance of RD and Re should be close 
to 1 kn to ensure stabte pulse widths. 


For 15 mA drive at saturation 


R 
_ V nonrea - 0.3 
F - 
15 x 10-3 


The oscillator 
free-running 
frequency 
is Stlt by 
RC and CB 
connected to Pin 7. 
For values of AC >- Rdischarge (R4 in Figure 
6). a useful approximation 
for the free-running frequency is 


1 
10=--- 


0.6 RCCS 


Proper choice of AC and CB will give a wide range of oscillator 
frequencies - 
operation at 31.5 kHz for count·down 
circuits 
is 


possible for example. 
As long as the product RcCa".':::: 
10-4 many 
combinations 
of values of AC and Ca will satisfy the free·running 
frequency requirement 
of 
15.734 kHz. 
However. the sensitivity 
of the OSCillator ItJ) to control~current 
from 
the phase de. -:t:tor 
is directly 
dependent on the magnitude of AC. and this provdes a 


convenient method of adjusting the de loop gain (fcL 


For a given phase detector sensitivity 
IjJ) 
'" 1.60 x 10-4 A/rad 


Increasing RC will 
raise the de loop gain and reduce the static 
phaseerror (S.P.E.) for a given frequency offset. 
Secondary effects 
are to increase the natural resonant frequency of the loop (wn) 
and give a wider pull·in range from an out·of·lock condition. 
The 
loop will 
also tend to be underdamped with 
fast pull-in 
times. 


producing 
good airplane flu tter performance. 
However, as the 
loop becomes more underdamped impulse nOisecan cause shock 
excitation 
of the loop. 
Unlimited 
increase in the de loop gain will 


also raise the nOisebandwidth excessivelycausing horizontal jitter 
with 
thermal noise. 
Once the de loop gain has beE!nselected for 
adequate S.P.E. performance. the loop filter can be used to produce 
the balance between other desirable characteristics. 
Damping of 


the loop 
is achieved most directly 
by changing the resistor A X 
with 
respect to Ay 
which modifies the ac/dc gain ratio 
(ml of 
the loop. 
Lowering this ratio will 
reduce the pull-in 
range and 
noise bandwidth 
(fnnL 
(Note: 
very large values of Ry will limit 


the control 
capability 
of the phase detector with a corresponding 


reductIOn in hold·in rangel. 


Static phasing can be adjusted simply by adding a small resistor 


between the flyback pulse integrating capacitor and grounri. The 
sync coupling capacitor should not be too small or it can charge 
during the vertical pulse and this may result In picture bends at 
the toP of the CRT. 


NOTE: 


In adjusting 
the loop parameters. the following 
equations may 


prove useful: 


RX 
X=-Ry 


;J2- 
we 
wn= 
11+XIT 


X2 Twc 
K=--- 
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LINEAR 
CONTROL 
CHIP 
FOR TV FREQUENCY 
SYNTHESIZER 
SYSTEM 


CONTROL CHIP FOR TV FREQUENCY 
SYNTHESIZER SYSTEM 
SILICON 
MONOLITHIC 


INTEGRATED 
CIRCUlf 


This linear 
control 
chip provides 
all the necessary 
interface 
between an NMOS PLL frequency synthesizer chip and a varicap 
diode tuner. 


• 
5-Volt Series Regulator to Support the NMOS LSI and 
Other Circuits 


• 
35-Volt Shunt Regulator for Varicap Driver Circuit 


• 
Filter Amplifier to Form Active Filter for PLL Circuit 


• 
Band Decoder to Switch for 3-Band Tuner 


• 
Video Coincidence Circuit to Detect TV Station 


r--- 
7 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


: 
8 ,f-\ 
L 
----J:----- 


VCC2 
Gnd 


Varicap 
Tuning 
Filter 
Amp. 


Vo 
VCC1 
CO 
VI 
FI 


3 
18 
15 
17 16------, I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


Rating 
Value 
Unit 


Supply Voltage - 
Pin 18 
20 
Vdc 
P,ns 10. 1 1. 12 
30 


Supply Current - 
Pin 8 
10 
mA 


Output Current - 
Pin 3 
20 
mA 


Input Current - 
Pins 16. 17 
±50 
mA 


Inp:.JtVoltage Range -~ Pins 13. 14 
o to Vs 


Output Source Current - 
Pin 7 
50 
mA 


Power Dissipation @ 70°C 
1140 
mW 


Storage Temperature 
Range 
-55 to +125 
°C 


Junction Temperature 
150 
°C 


Input Resistance 
5 
" 
- 
20 
- 
kfl 


Internal Reference 
Voltage 
5 
Vref 
120 
135 
150 
Volts 


Input Bias Current 
6 
liB 
- 
- 
2.0 
~A 


Output Voltage Maximum 
7 
VOM 
30 
- 
- 
Volts 


Output Voltage Minimum 
7 
VO(min) 
- 
- 
0.5 
Volts 


Output Current - 
Sink 
7 
10(slnk) 
- 
2.5 
- 
mA 


DC Voltage Gain 
7 
AV 
- 
30 
- 
V/mV 


SHUNT 
REGULATOR 


I Output Voltage 


COINCIDENCE 
DETECTOR 


Input Threshold Voltage 
17 
Vth 
- 
50 
- 
Volts 


Input Threshold Current 
16 
Ith 
- 
-024 
- 
mA 


Output Current 
15 
10 
- 
0.1 
- 
mA 


Output Leakage Current 
15 
10 
- 
- 
05 
~A 


Output Current 


Output Leakage Current 


Supply Voltage 
Range 
18 
VCCl 
9.0 
- 
15 
Volts 


Output Current Maximum 
3 
10M 
10 
- 
- 
mA 


Output Voltage 
4 
Vo 
4.7 
5.0 
5.3 
Volts 


Temperature 
Coefficient of 
4 
TCVO 
-10 
- 
1.0 
mV/oC 


Output Voltage 


POWER 
SUPPLY 
CURRENT 
I PO'AIJIet Supply Current 


Flyback 


Input 


Video Sync 


Input 


CoinCIdence 
Output 


Phase 


Detector 
Output 


Input 


UHFIVHF 
H/L 
VHF 


13 
14 
RP 
UV 
HL 
FI 
12 
16 
U 


VI 
17 
15 
l' 
CO 
VL 
RAV 


10 


VH 


Network 


Current 
Limiting --...... 


Resistor 


Freq.~ 
Comp 
I 


Rp - 
Protection reSistor for flyback Input 


RAV and CAV - 
Integrator in the video 
coincidence circuit 
Q1 - 
Series pass transistor for the 5 V regulator 
RC - 
Sensing resistor for the current limiter 
Ccm - 
Phase compensation 
capacitor for the 
5 V regulator 
Rgl. 
Rg2. Cg1 - 
Filter time constant 
CNF - 
Capacitor to improve nOise characteristics 
RCN - 
Control resistor for the high voltage 
shunt regulator 
Q2, 03. 
Q4 - 
Drivers for the band switch 


VHF 
Low 
band 


VHF 
HIgh 
band 


This 
linear 
control 
chip 
is designed 
to integrate 
all the 


control 
circuits 
and regulators 
required 
in this 
system 
on 


a single 
chip 
to minimize 
the external 
components. 


Filter Amplifier 
Section 


This 
amplifier 
is designed 
to provide 
an active 
filter 
in 


the 
PLL network. 
The output 
of this 
amplifier, 
"VT", 
can 


drive 
the 
varicap 
diode 
in the TV tuner 
with 
a maximum 


voltage 
of 30 
volts. 
The 
non-inverting 
input 
of thiS 


amplifier, 
"NI", 
IS internally 
biased 
with 
a reference 


voltage 
(1.3 
volts) 
to simplify 
the 
external 
circuit. 
ThiS 


bias 
voltage, 
however, 
can be changed 
externally 
with 
a 
single 
resistor 
if required. 


High Voltage 
Regulator 


The 
regulator 
is designed 
to provide 
up to 34 volts 
to 


the filter 
amplifier 
to stabilize 
the high voltage 
output 
to be 


applied 
to 
the 
varicap 
diode. 
Since 
the 
source 
of 
this 


regulator 
is usually 
high 
voltage 
B+ in the 
TV system, 
a 


simple 
shunt 
regulator 
circuit 
is employed 


Video 
Coincidence 
Detector 


To assure 
the 
reception 
of a TV signal, 
a video 
coin- 


cidence 
detector 
is 
provided. 
The 
coincidence 
output, 


"CO", 
of the 
circuit 
will 
go 
high 
when 
the 
video 
syn- 


chronous 
signal 
(video 
input 
"VI") 
and 
the flyback 
pulse 


(flyback 
input 
"FI") 
are synchronous. 


Band Decoder 


This 
circuit 
decodes 
band-select 
information 
and 


provides 
constant 
current 
outputs 
to external 
transistors 


for the band 
switching 
operation, 
The decoding 
format 
is 


shown 
in Table 
A. 


TABLE 
A - 
BAND 
DECODER 
FORMAT 


UV INPUT 
HL INPUT 


o 
0 


1 
0 
o 
1 


UHF Band 


VHF Hi Band 


VHF La Band 


The open 
collector 
outputs 
of this 
decoder 
are designed 


to 
provide 
5 mA 
of constant 
current 
to 
drive 
external 
transistors. 


Low Voltage 
Regulator 


This circuit 
supplies 
regulated 
5 volts 
to the NMOS 
PLL 


synthesizer 
chip and the other 
circuits. 
The output 
current 


rating 
is basically 
determined 
by the external 
series 
pass 


transistor, 
but 
a built-in 
current 
limit 
uses 
an external 


sensing 
resistor 
to set the 
maximum 
current. 


~~~~~~~~~:p 
1--- - A----.j 


NOTES, 


1. 
POSITIONAL 
TOLERANCE 
OF 
LEAOS 
101, 


SHALL 
BE WITHIN 
0.15mmlO.Ol01 
AT 


MAXIMUM 
MATERIAL 
CONDITION, 
IN 


RELATION 
TO 
SEATING 
PLANE 
ANO 


EACH 
OTHER. 


1. 
OIMENSION 
L TO 
CENTER 
OF 
LEADS 


WHEN 
FORMED 
PARALLEL. 


3. 
DIMENSION 
B DOES 
NOT 
INCLUDE 


MOLD 
FLASH. 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
11.11 
13.14 
0.B75 
0.915 


B 
6.10 
6.60 
0.140 
0.160 


C 
3.94 
4.57 
0.155 
O.tBO 


0 
0.36 
0.56 
0.014 
0.011 


F 
1.17 
1.7B 
0.050 
0070 


G 
1.54 
BSC 
0.100 
BSC 


H 
1.01 
1.51 
0.040 
I 
0060 


J 
0.10 
030 
O.OOB 
0011 


K 
191 
3.43 
0.115 
I 
0.135 


1 
7.61 
BSC 
0.300 
BSC 


M 
0' 
IS' 
00 
I 
15° 


N 
0.51 
1.01 
0.010 
I 0.040 


MC6200 


SINGLE-CHIP 


MICROCONTROLLER 


• Controls 4 peripherals via serial bus: 


- 
UAA 2000 Synthesizer circuit 


- 
MC 144102 or SMA 2001 memory circuits 


- 
MC 14499 LED Driver 


- 
MC 6215 On-Screen Display 


(N-CHANNEL, 
SILICON-GATE 
DEPLETION 
LOAD) 


• Direct selection of channel or program number 


• Both remote and local keyboard control 


• Mute output with 50 ms lead time 


• Fine tune at 5 Hz rate and ± 4 MHz max offset 


(125 KHz resolution) 
P SUFFIX 
PLASTIC PACKAGE 


CASE 711 
• Channel and program display control 


• Automatic 
standby switch ing 


not used 
1 
40 
VDD 


REF 
2 
39 
RESET 
DR 
3 
38 
EXT 


not used 
4 
37 
MFO 


POK 
5 
38 
MFI 
ON 
8 
35 
MF2 


CLDB 
7 
34 
FT+ 
CLM 
1 
8 
33 
CSR 


CLM 
2 
9 
32 
CSP 


COMI 
10 
MC6200 
31 
not used 
COM2 
11 
30 
CSD 


COM3 
12 
29 
not used 
COR 
1 
13 
28 
MUTE 
COR 
2 
14 
27 
VCR 
DB 
15 
28 
VPP 
CLDR 
18 
25 
MFS 


not used 
17 
24 
PAGE 


TOGL 
18 
23 
STORE 


STOP 
19 
22 
FT- 
VSS 
20 
21 
TEST 
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The MC 6203 is a PCM remote control 
receiver realised in NMOS 
silicon 
gate technology. 
It 
is a comprehensive receiver offering 
a 
large number of 
integrated functions 
for 
the full 
control 
of TV 
or Hi·Fi systems. The receiver is designed to be used in conjunction 
with the MC 14497 transmitter. 


• 4 analogue 
,functions 


• Direct local increment/decrement 
of analogue functions 
and TV 
programmes 


• 16 programme parallel output 


• Serial data bus output 


MC6203 


MOS 


REMOTE 
CONTROL 


RECEIVER 


PLASTIC PACKAGE 
CASE 710·01 


Voo 
Vss 


" 
" 


fO 


1 T 
VO 


LOCAL 
SR 
I 
T 
BR 
0/. 


CONTROL 
cs 
1 
T 
CONVERTOR 
cs 


CT 
2 
T 
CT 


SIGNA-tiN 
" 


AM/FSK 
" 


START BIT 
22 
T 
ON 
10 
MODE 
1 
,. 
11 
MODE 
2 
OSC 
t2 
OSC 
21 
GP 


",. 
" 
13 
0 


T 


21 


This device contains circuitry to protect the in- 
puts against damage due to high static volta- 
ges or electric fields; however, 
it is advised 
that normal precautions be taken to avoid ap- 
plication of any voltage higher than maximum 
rated voltages to this high impedance circuit. 


Rlting 
Symbol 
Value 
Unit 


DC Supply Voltages 
VOO 
-0.3 
to B 
Vdc 


Input Voltage, pins B - 13, 15 -17, 25 
Vin 
Oto 16 
Vdc 


all other pins 
Oto 10 


Operating Temperature 
Range 
TA 
Oto 70 
'c 


Storage Temperature 
Range 
Tug 
-55to 
150 
'c 


Cheracteristic 
Pin 
Symbol 
Condition 
Min 
Max 
Unit 


Supply C~rrent 
2B 
100 
50 
mA 


Signal In 
25 
VIL 
1.2 
V 


(Schmitt 
Trigger) 
VIH 
3.2 
V 


VHYST 
Hysteresis 
50 
mV 


IIH 
VIH= 
16V 
20 
~A 


ASI 
24 
VIL 
50 
mV 


VIH 
400 
mV 


VHYST 
50 
mV 


IlL 
VIL = 100mV 
-20 
~A 


ASO 
23 
IOL 
VOL = 0.5V 
100 
~A 
(Push-pull Output) 
IOH 
VOH=VOO-IV 
-5 
-100 
~A 
(Schmitt Trigger input) 
V1L 
50 
mV 


VIH 
400 
mV 


VHYST 
50 
mV 


AM//FSK 
26 
VIL 
0.5 
V 


VIH 
4.0 
V 


IIH 
VIH=10V 
20 
~A 


Tristate Inputs: 
Start·Bit, 
Prog, 
1,2,7, 
VIL 
50 
mV 
YO, BA, CS, CT 
B,22, 
VIH 
VOO-O.4V 
V 


27 
IlL 
VIL = 0.2V 
-100 
~A 


IIH 
VIH=VOO-0.4V 
0.5 
mA 


Mode 1, Mode 2, GP, ON 
9,10, 
VIL 
0.5 
V 
(Input/Output: 
Open-Drain 
11,12 
VIH 
4.0 
V 
Output) 
ION 
VOL = 0.5V 
1.0 
mA 


IOFF 
VOH = BV· 
20 
~A 


Outputs, 
A. B. C. 0 
13,15 
ION 
VOL = 0.5V 
1.0 
mA 
(Open-Drain I 
16,17 
'OFF 
VOH =BV 
20 
~A 


OUlputs, YO, SA, CS, CT, 
3,4,5, 
IOL 
VOL = 0.5V 
1.0 
mA 
Serial Data, Clock (Push-pull) 
6, lB, 19 
IOH 
VOH=VOO-IV 
-0.2 
mA 


Characteristic 
Pin 
Svmbol 
Condition 
Min 
Max 
Unit 


Osc Input 
20 
IlL 
V1L 
OV 
1.0 
50 
"A 


IIH 
VIH - VOO 
1.0 
50 
"A 


Osc Output 
21 
IOL 
VOL - 0.5V. 


Oscin 
4V 
300 
"A 


IOH 
VOl-! 
C VOO '-lV, 


Cscin 
- OV 
- 50 
"A 


The MC 6203 is an integrated circuit rCM remote control 


receiver 
designed 
to 
receive 
bi·phase 
coded 
PCM 
trans· 


missions. 
The 
receiver 
is able 
to 
receive 
62 
channels 
in 
"fly of three modes "nd reception may, optionally, be AM 
or FSK. There is also a pin option 
which permits the 


receivcr 
to recognise 
two 
start-bit 
polarities. 


The 
transmitted 
information 
is 
in 
the 
form 
of 
a 
7-bit 


word, 
scp. fi'Jure 4 for 
format, 
a start 
bit 
and 6 information 


bits_ 
On 
reception 
of 
a 
signal 
the 
receiver 
performs 
a 


series 
of 
tests 
to 
achieve 
the 
necessary 
noise 
immunity 
and check the validity of the signal: 


The bi·phase code is checked to ensure that there is 


only 
one edge during 
anyone 
time 
window. 


After 
reception 
of 
an 
apparantly 
valid 
word 
the 
receiver 


waits 
for 
some 
3ms 
to 
verify 
the 
presence 
of 
noise 
or 


other 
transients. 
Should 
these 
be 
present 
the 
word 
is 
rejected and not decoded. Should the word, on the other 
hand, be found to be valid it is moved into a latch, by the 
signal TR F (see figure 31 and decoded. At the same time 


it is released 
on the serial 
data 
bus. 


The end of transmission of notified 
by the reception of 


the "End of Transmission" code, channel 62. In the case 
of the MC 14497 transmitter this is transmitted automa- 
tically 
when any button 
is released. This word, too, is 
available on the serial data bus. In the eventuality of the 


transmission 
being 
interrupted 
for 
more 
than 
570ms 
an 
internal timer 
will 
automatically 
generate the "End 
of 


Transmission" 
code 
which 
will 
be processed 
in the 
normal 


manner. 


While only channels 0 to 31 and 62 are recognisedby the 


internal 
instruction 
decoder. 
all 63 comm<inds 
are available 
on the serial data bus; in the TV mode whatever is received 
at the Signal In pin will 
be repeated on the bus. In any 
other mode, i.e. when pins Mode 1 and/or Mode 2 arehigh 
the clock line will be disabled after the first signal has 
been 
released. The 
line 
will 
be enabled again after 
receiving an end-of-transmission code (channel 62) 
or 
when 
the time-out 
counter 
has timed 
out.' 
. 


When 
power 
is applied 
to 
the 
circuit 
the 
reset 
circuitry 
sets up the initial position: 
ON = 1 (standby), Mode 1 


and 2 = 0 (TV), aT = reset and the D/A Convertors are 
at Mid. Depending on the external components the power 
reset can be either dynamic, using pin RS1 as shown in 
• figure 5, or static using pin RSO. 


AM/FSK 
- 
By means of a suitable voltage level at pin 26 
the receiver will decode AM or FSK modulated signals. 


AM MODE - 
In the AM mode, ';"hen pin 26 = 0, the 


receiver is capable of decoding a modulated or demodul· 
ated signal, in this mode the SIGNAL 
IN pin, pin 25, 


must be high, = 1. When receiving a modulated signal the 
pulse duration 
must be at least 4.5"s with 
a repetition 
period of at least 7Q1.sLfthe signal is to be accepted. 


FSK MODE - 
In the FSK mode, when pin 26 = 1, the 


receiver will 
only accept a demodulated input signal, at 
the sametime the quiescent level of pin 25 is arbitrary. 


ANALOGUE 
CONTROLS - 
On reception of the code 


word for one of the four analogue functions the digital/ 


analogue 
convertor 
in 
the 
receiver 
generates 
an analogue 


voltage, 
normally 
used to 
control 
the volume 
(VOl. 


brightness (BRl. colour saturation (CS) or contrast (CT) 
of a colour 
TV. 
The control 
voltages are obtained by 
direct RC integration of a variable duty cycle square wave 
output from the D/A convertor. The total sweep time of 
the overflow/underflow 
protected 
D/A 
convertor 
is 6s; 


derived 
from 
a repetition 
rate of 
7.1kHz 
and aD/A 
convertor 
resolution 
of 
60 
steps. Operation 
of 
the 


analogue controls is inhibited in the STANDBY mode. 


Local control 
of the four analogue functions 
is possible 


by use of the four 
tristate 
inputs, pins 1, 2, 7 and 8. 
For each of these inputs pulling the input high increments 
the 
function 
and vice·versa. The third 
state will 
leave 
control 
to the remote function. 
In all caseslocal control 


will override remote control. 


MID - 
(Middle 
Position) 
This presets all the analogue 


functions to 50 %, with the exception of VO which is set 
to 33 %. It is operative under the following conditions: 


When switching from OFF to ON 


When MID, channel 0, is selected. 


MUTE 
(aT) - 
This is an internal latch, which when set 
mutes the sound by pulling the VO line low, = O. It is a 
toggle function 
controlled 
by channell, 
QT. The mute 
is applied during a programme change. QT is reset by : 


Channel 0, MID 


Channel 2, STANDBY 


Chanel 4/6 Programme +/- 


Channel 8, VO + 


Channels 16 to 31, the programme channels 


Channels 5 and 7, mode changes 


Channell, 
QT 


PROGRAMME 
SELECTION - 
In order to be able to 
select up to 16 programme channels a 4-bit binary up/ 
down 
counter, 
the 
program 
counter, 
is included 
on- 


chip with 
its associated outputs A, B, C and D plus the 


PROG. STEPPING input. 


Programme 
selection 
is possible by 
the 
selection 
of 


channels 16 to 31, or the programme channel can be 
changed by 
incrementing/decrementing 
the programme 


counter remotely, by use of Programme + /Programme -, 
or by use of the PROG. STEPPING input. Pulling this 
tristate pin, 27, low will decrement the programme while 
forcing 
it 
high will 
increment 
the programme. 
In 
its 


tristate position there is no changeand control is a remote 
function. 


SERIAL 
DATA 
BUS - 
The serial data bus releasesinto 


the system words which have been received and recognised 
as valid, thus they will conform 
to the remote control 


code and sequence. The format of the serial output data 
(DATA) and clock (CLOCK) are shown in figure 3. 


In the TV mode whatever is received at the SIGNAL 
IN 
pin, 25, will be repeated on the serial data bus. However, 
in any other mode, i.e. when pins MODE 1 and/or MODE 
2 = 1, the clock line, CLOCK, will be disabled after the 
first 
signal has been released. The line will 
be enabled 


again 
after 
receiving 
an end-at-transmission 
code, 
channel 
62, or when the time-out counter hastimed out. 


GP --' This function, 
pin 12, is a g<:leral purpose toggle 


function which can be set and reset by calling channel 3. 
It is also reset by calling channel 2, STANDBY. 


MODES 
OF OPERATION - 
Four 
operational 
modes, 


or functions, are available which, although their applicat· 


ion 
is unlimited, 
are identified 
as shown 
below: 


Pin 


Function 
ON 
Mode 1 
Mode 2 
," 
Standby 
, 
X 
X 


2" 
TV 
0 
0 
0 


3" 
Teletext 
0 
1 
0 


4" 
Reserve 
0 
0 
, 


x == don't care 


• refers to the function number with figure 2 


STANDBY - 
Selected by 
channel 
2, 
STANDBY. 
At 


this time pin 9, ON is high. 


TV - 
This is the prime active mode and is selected by 


channel 6,4 or any programme channel, 16 to 31. 


TELETEXT 
- 
Selected by channel 5, MODE 1, at this 


time the MODE 1 pin, 10, will be high. As channel 5 is a 
toggle function. 
reselection of this channel will return the 


receiver to the TV mode. 


RESERVE 
- 
Selected 
by channel 
7, MODE 2, which 
will 


cause 
pin 
II, 
MODE 
2, to go high. 
This channel, 
too, 
is 
a toggle 
function 
and 
recalling 
channel 
7 will restore 
the 


receiver 
to the TV mode. 


A 
further 
mode 
of 
operation 
is available, 
by 
locally 
forcing 
both 
MODE 
1 and 
MODE 
2 = 1. However, 
this 


function 
is not available 
remotely. 


As 
can 
be 
seen 
the 
mode 
selection 
is a typewriter-like 
shifted 
key function. 
The differences 
between 
the 
modes 
can be summarised 
as follows: 


Teletext 
- 
All analogue 
functions, 
plus 
MID and 
MUTE 


are 
available_ 
Remote 
programme 
change 
is not 
possible, 


but 
they 
can be locally 
incremented/decremented 
by use 
of pin 27, PROG. 
STEPPING. 


Reserve 
- 
All analogue 
functions 
are inhibited, 
although 
the 
sound 
is muted 
when 
incrementing/decrementing 
the 
programme counter. 
All remote programme changes are 
inhibited, 
but 
the 
programme 
counter 
may 
be 
locally 


incremented/decremented 
by use of PROG. 
STEPPING. 


START 
BIT - 
The 
Me 6203 
recognises 
two start-bit 
pol- 
arities, 
high 
and 
low. 
The 
start-bit 
pin, 
22, 
is a tristate 


input 
which 
in its high state, 
= I, primes 
the 
receiver 
to 


recognise 
a test 
function. 
When 
pin 
22 = 0 the 
receiver 
will recognise 
a high start-bit 
and when 
the pin is tristate, 


i.e. floating, 
the receiver 
will recognise 
a low start-bit. 


Ch 
Command 
Function 
Code Word 
Ch 
Word 
,. 
2* 3* 4- 
F 
E 
0 
C 
B 
A 
F 
E 
0 
C 
B 
A 


0 
MID/OT 
reset 
X 
X 
0 
0 
0 
0 
0 
0 
32 
0 
0 
0 
0 
0 
1 
MUTE lOT) 
- 
X 
X 
0 
0 
1 
33 
0 
0 
0 
0 
1 
2 
Standby lOT 
reset 
X 
X 
X 
X 
0 
1 
0 
34 
0 
0 
0 
1 
0 
3 
Clock ICLCK) 
GP 
X 
0 
1 
1 
35 
0 
0 
0 
1 
1 


4 
Programme +/ON/QT 
reset 
X 
X 
1 
0 
0 
36 
0 
0 
1 
0 
0 


5 
Mode 1/ON/QT 
reset 
X 
X 
X 
1 
0 
1 
37 
0 
0 
1 
0 
1 
I 


6 
ON/QT reset/programme 
- 
X 
X 
1 
1 
0 
38 
0 
0 
1 
1 
0 
7 
Mode 2/0N/QT 
reset 
- 
X 
X 
X 
1 
1 
1 
39 
0 
0 
1 
1 
1 
8 
Volume +/QT reset 
- 
X 
X - 
0 
0 
1 
0 
0 
0 
40 
0 
1 
0 
0 
0 


9 
Volume 
- 
X 
X - 
0 
0 
1 
41 
0 
1 
0 
0 
1 
10 
Brightness 
+ 
- 
X 
X 
0 
1 
0 
42 
0 
1 
0 
1 
0 


11 
Brightness 
- 
X 
X 
0 
1 
1 
43 
0 
1 
0 
1 
1 


12 
Colour saturation 
+ 
X 
X 
1 
0 
0 
44 
0 
1 
1 
0 
0 
13 
Colour saturation - 
- 
X 
X 
1 
0 
1 
45 
0 
1 
1 
0 
1 


14 
Contrast + 
X 
X 
1 
1 
0 
46 
0 
1 
1 
1 
0 


15 
Contrast - 
X 
X - 
1 
1 
1 
47 
0 
1 
1 
1 
1 


16 
ON/QT reset/programme 
preset 
X 
X 
0 
1 
0 
0 
0 
0 
48 
1 
0 
0 
0 
0 


17 
ON/QT 
reset/programme 
preset 
X 
X 
0 
0 
1 
49 
1 
0 
0 
0 
1 


18 
ON/QT reset/programme 
preset 
X 
X 
0 
1 
0 
50 
1 
0 
0 
1 
0 


19 
ON/aT 
reset/programme 
preset 
X 
X 
0 
1 
1 
51 
1 
0 
0 
1 , 


20 
ON/QT reset/programme 
preset 
X 
X 
1 
0 
0 
52 
1 
0 
1 
0 
0 
21 
ON/QT reset/programme 
preset 
X 
X 
1 
0 
1 
53 
1 
0 
1 
0 
1 


22 
ON/QT reset/programme 
preset 
X 
X 
1 
1 
0 
54 
1 
0 
1 
1 
0 


23 
ON/QT 
reset/programme 
preset 
X 
X 
1 
1 
1 
55 
1 
0 
1 
1 
1 
24 
ON/aT 
reset/programme 
preset 
X 
X 
0 
1 
0 
0 
0 
56 
1 
1 
0 
0 
0 


25 
ON/aT 
reset/programme 
preset 
X 
X 
0 
0 
1 
57 
1 
1 
0 
0 
1 


26 
ON/aT 
reset/programme 
preset 
X 
X 
0 
1 
0 
58 
1 
1 
0 
1 
0 


27 
ON/aT 
reset/programme 
preset 
X 
X 
0 
1 
1 
59 
1 
1 
0 
1 
1 


28 
ON/aT 
reset/programme 
preset 
X 
X 
1 
0 
0 
60 
1 
1 
1 
0 
0 


29 
ON/aT 
reset/programme 
preset 
X 
X 
1 
0 
1 
61 
1 
1 
1 
0 
1 
30 
ON/aT 
reset/programme 
preset 
X 
X 
1 
1 
0 
62 
1 
1 
1 
1 o lEOTI 


31 
ON/aT 
reset/programme 
preset 
X 
X 
0 
1 
1 
1 
1 
1 


X ,. commands available within 
each functional 
mode 


refers to the table on page 11. 
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The MC 6215 
is a NMOS. PCM remote control 
receiver and on- 
screen display driver suitable for advanced TV applications where 
most of the functions are MPU controlled. The mask programmable 
on-screen display driver displays four alphanumeric characters on 
the TV screen. Designed for use with the MC 14497 transmitter. 


• 62 Channels. more than 500 functions 


• 3 modes of operation 


• AM/FSK pin option 


• Serial Data Bus output 


• 4 Analogue functions 


• Direct teletext interface 


• Mask programmable character set of 16 characters 


• Suitable for 625 line/50Hz TV systems 


MC6215 


MOS 


REMOTE 
CONTROL 
RECEIVER 
WITH 
ON-SCREEN 
DISPLAY 
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3 - 30 


This device contains circuitry 
to protect 
the 
inputs 
against 
damage 
due 
to 
high static 
voltages 
or 
electric 
fields; 
hovvever. 
it 
is 
advised that 
normal precautions be taken to 
avoid application 
of any voltage higher than 
maximum 
rated 
voltages 
to 
this 
high 
impedance circuit. 


Rlting 
Symbol 
Value 
Unit 


Supply Voltage 
VOO 
-0.3 
to +8 
Vdc 


Voltage on any pin 
Vi/o 
-0.3to 
+8 
Vdc 


Storage Temperature 
TSTG 
-55to+150·C 


Operating Temperature 
Range 
TA 
Oto+70·C 


Ch.rlCteristic 
Pin 
Condition 
Symbol 
Min 
Typ 
MIX 
Unit 


Supply Current 
13 
100 
50 
mA 


Input 


(Schmitt 
Trigger) 
11 
V,L 
1.8 
V 


Signal In 
V,H 
3.2 
V 


Hysteresis 
VHYST 
50 
mV 


V,H ~ 16V 
'IH 
20 
"A 


Input 
9,18 
V,L 
0.5 
'I 
(TST, AM/FSKI 
V,H 
4.0 
V 


V,H = 16V 
I'H 
20 
"A 


Input 
VfL 
50 
mV 


(Schmitt 
Trigger) 
V1H 
400 
mV 
RSI 
10 
VHYST 
50 
mV 


V,L = loomV 
-20 
"A 


Input/Output 
19 
V,L 
0.5 
V 
IOpen Drain) 
20 
V,H 
4 
V 
ON, Mode 1, Mode 2 
21 
VOL = 0.5V 
ON 
1.0 
mA 


VOH =8V 
OFF 
20 
"A 


Output 
(push-pulll 
VO, 8R, CS, CT 
14,15 
VOL = 0.5V 
'OL 
1.0 
mA 


16,17 
VOH=VOO-1V 
'OH 
-0.2 
mA 
Output, 
Clock, serial Data 
6,7 
'OL 
2.0 
mA 


IOH 
-0.2 
mA 


Input/Output 
8 
VOL = 0.5V 
'OL 
100 
"A 
(Push-pull)RSO 
VOH=VDO-lV 
'OH 
-10 
-100 
"A 
V,L 
50 
mV 
V1H 
400 
mV 


VHYST 
50 
mV 


Input 
22 
V,L 
0.8 
V 
fREF (4MHz) 
V,H 
3.3 
V 
VIH = 16V 
20 
"A 


Ch8recteristic 
Pin 
Condition 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current 
25 
VOO; 
5;5V 


(Ou,pu' 
Open) 
T; 
O°C 
25 
mA 


Inputs 
23 
V1L 
0.8 
V 
(Schmitt 
Trigger) 
Line, Frame, 
24 
V1H 
2.6 
V 


Clock. 
CE 
3.4 
VHYST 
0.1 
V 


Input 
5 
V1L 
0.8 
V 


Data 
V1H 
4.0 
V 


Video Output 
26 
VVL; 
0.8V 
IVL 
1.6 
mA 


VVH; 
2.4V 
IVH1 
-0.2 
mA 


VVH; 
2.0V 
IVH2 
-0.7 
mA 


Ch8racteristic 
Pin 
Condition 
Symbol 
Min 
Typ 
Max 
Unit 


Chip select to clock lead time 
'CSL 
0.4 
JJS 


Chip deselect to clock lead time 
'CSG 
0.4 
JJS 


Data to clock lead time 
'OL 
0.1 
JJS 


Clock to chip deselect time 
'CLCS 
50 
nS 


Clock LOW time 
'CLL 
0.8 
12.0 
JJS 


Clock period 
'C 
4.0 
JJS 


Video rise time 
VVH; 
2V 
'VR 
120 
nS 
Video fall time 
VVL; 
0.3V 
'VF 
120 
nS 
CL; 
30pF 


Oscillator period 
'OSC 
-5% 
404 
+5% 
nS 


Line high time 
V1Hy;2V 
'FB 
1.5 
14 
JJS 
V1Ly; 
O.8V 


Frame high time 
V1Hy; 
2V 
'FR 
'FB 
+ 1Otosc 
V1Ly; 
0.8V 


Line tv 1st field lead time 
'FLO 
6.5 
'oSC 


AM/FSK 
- 
By means 
of a suitable 
voltage 
level at pin 18 
the receiver 
will decode 
AM or FSK modulated 
signals. 


AM 
MODE - 
In 
the 
AM 
mode, 
when 
pin 
18 = 0, the 
receiver 
is capable 
of decoding 
a modulated 
or demodul· 
ated 
signal, 
in this mode 
the 
SIGNAL 
IN pin (pin 11) has 
to 
be 
high, = 1. When 
receiving 
a modulated 
signal 
the 
pulse 
duration 
must 
be at least 
4.5~s 
with 
a repetition 
period 
of at least 
70~s if the signal is to be accepted. 


FSK 
MODE 
- 
In the 
FSK 
mode, 
when 
pin 
18 = 1, the 
receiver 
will 
accept 
only 
a demodulated 
input 
signal, 
at 
the same time the quiescent 
level of pin 11 is arbitrary. 


ANALOGUE 
CONTROLS 
- 
On reception 
of a code 
word 
for one of the four 
analogue 
functions 
the digital/analogue 
(D/A) 
convertor 
in 
the 
receiver 
generates 
an 
analogue 
voltage, 
normally 
used 
to 
control 
the 
volume 
(VOl. 


brightness 
(BRl. 
colour 
saturation 
(CS) or contrast 
(CT) 
of a colour 
TV receiver. 
The control 
voltages 
are obtained 
by direct 
RC integration 
of a variable 
dury 
cycle 
square 
wave 
output 
from 
the 
D/A 
convertor. 
The 
total 
sweep 
time 
of the overflow/underflow 
protected 
D/A convertor 
is 6s; derived 
from 
a repetition 
rate 
of 7.1 kHz and a D/ A 
convertor 
resolution 
of 60 steps. Operation 
of the analogue 
controls 
is inhibited 
in the STANDBY 
mode. 


MID - 
(Middle 
Position) 
This 
presets 
all 
the 
analogue 
functions 
to 50 %, with 
the 
exception 
of va which 
is set 
to 33 %. It is operative 
under 
the following 
conditions: 


When switching 
from 
OF F to ON 


When 
MID, channel 
0, is selected. 


MUTE 
(OT) - 
This 
is an 
internal 
latch, 
which 
when 
set 
mutes 
the 
sound 
by pulling 
the va line low, = O. It is a 
toggle 
function 
controlled 
by channel 
1, QT. 


QT is reset by : 


Channel 
0, MID 


Channel 
2, STANDBY 


Channel 
8, VO+ 


Channels 
16 to 25, programme 
channels 


Channels 
5 and 7, mode 
changes 


Channel 
1, QT 


SERIAL 
DATA 
BUS - 
The 
serial 
data 
bus releases 
into 
the system 
words 
which 
have been 
received 
and recognised 
as valid, 
thus 
they 
will conform 
to 
the 
remote 
control 
code 
and 
sequence. 
The 
format 
of 
the 
serial 
output 
data 
(DATA) 
and clock 
(CLOCK) 
are shown 
in figure 
4. 


voo 
vss 


" 
" 


SIGNAL 
IN 
" 
VO 
" 


INPUT 
,. 
.R 
STiRTBif 
0/' 
CIRCUIT 
CONVERTOR 
" 
cs 


AMIFSK 
11 
15 
CT 


4MHrlN 
22 
TIMING 
" 
ON 
STATUS 
21 
MODE 1 
CONTROL 
20 
MODE2 


MODES 
OF 
OPERATION 
- 
Four 
operational 
modes, 
or 
functions, 
are 
available 
which, 
although 
their 
application 
is unlimited, 
are identified 
as shown 
below: 


Standby 
- 
selected 
by channel 
2, STANDBY. 
At this time 
pin ON is high. 


TV - 
This 
is the 
prime 
active 
mode 
and 
is selected 
by 
channel 
6, ON or any programme 
channel, 
16 to 25. 


Teletext 
- 
Selected 
by channel 
5, MODE 
1, at this time 
the 
MODE 
1 pin 
will 
be high. 
As channel 
5 is a toggle 
function, 
reset'ection 
of this channel 
will return 
thereceiver 
to the TV mode. 


Reserve 
- 
Selected 
by channel'], 
MODE 2, which 
will be 
high. 
This channel, 
too, 
is a toggle 
function 
and 
recalling 
channel] 
will restore 
the receiver 
to the TV mode. 


A 
further 
mode 
of 
operation 
is 
available, 
by 
locally 
forcing 
both 
MODE 
1 and 
MODE 2 = 1. 
However, 
this 
function 
is not available 
remotely. 


As can 
be 
seen 
the 
mode 
selection 
is a typewriter-like 
shifted 
key function. 
The 
differences 
between 
the 
modes 


can be summarised 
as follows: 


Teletext 
- 
All analogue 
functions, 
plus 
MID and 
MUTE 
are available. 
Remote 
programme 
change 
is not possible. 


Reserve 
- 
All remote 
programme 
changes 
are inhibited. 


MID/aT reset 
MUTE lOTI 
Standby/aT reset 
Clock (CLCK) GP 
Programme +/ON/QT 
reset 
Mode liON/aT 
reset 
ON/aT 
reset/programme 
- 


Mode 2/0N/aT 
reset 
Volume 
+/QT 
reset 


Volume 
- 


Brightness 
+ 
Brightness 
- 


Colour saturation 
+ 
Colour saturation - 
Contrast 
+ 
Contrast - 
ON/aT 
reset/programme 
preset 
ON/aT 
reset/programme 
preset 
ON/aT reset/programme preset 
ON/aT 
reset/programme 
preset 
ON/aT 
reset/programme 
preset 
ON/aT 
reset/programme 
preset 
ON/aT 
reset/programme 
preset 
ON/aT 
reset/programme 
preset 
ON/aT 
reset/programme 
preset 
ON/QT 
reset/programme 
preset 
ON/aT reset/programme preset 
ON/aT reset/programme preset 
ON/aT reset/programme preset 
ON/QT 
reset/progrlmme 
preset 
ON/aT reset/programme preset 
ON/QT reset/programme preset 


x 
X 
X 
X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


Codo Word 
FEDCBA 


o 
0 0 0 
0 0 
00' 
o 
1 
0 
o 
, 
1 
1 
0 
0 
, 
0 
1 
, 
, 
0 
, 
1 
1 
001 
000 
o 
0 
1 
o 
1 
0 
o 
1 
1 
1 
0 
0 
1 
0 
1 
1 
1 
0 
1 
1 
1 
o 
1 0 
0 0 0 
001 
010 
o 
1 
1 
100 
1 
0 
1 
1 
1 
0 
1 
1 
, 
o 
1 1 000 
001 
010 
o 
1 
1 
100 
1 
0 
1 
1 
1 
0 
o 
1 
1 1 
1 1 


o 
0 000 


00001 
00010 
o 
0 
0 
1 
1 


00100 
o 
0 
1 
0 
1 


o 
0 
1 
1 
0 


o 
0 
1 
1 
1 


o 
1 000 
o 
1 
0 
0 
1 


o 
1 
0 
1 
0 


o 
1 
0 
1 
1 


o 
1 
1 
0 
0 
o 
1 
1 
0 
1 


o 
1 
1 
1 0 
o 
1 
1 
1 1 


1 000 
0 


1 0 
0 0 
1 


1 0 
0 
1 0 


1 
0 
0 
1 
, 


1 0 
1 0 0 
1 
0 
1 
0 
1 


1 
0 
, 
, 
0 
, 
0 
1 
1 
, 


1 
1 0 0 
0 
1 
1 
0 
0 
, 


, 
, 
1 
0 
, 
0 
'.1 
, 
0 , 
, 


, 
1 
, 
, 
0 
0 
, 
1 
, 
1 
0 
, 


, 
1 
, 
, 
, 
0 (EOT) 


The 
MC 
6215 
is an 
integrated 
circuit 
bi-phase 
coded 
PCM 
remote 
control 
receiver 
able 
to receive 
62 channels 
in any 
of 
3 modes. 
Reception 
may, 
optionally, 
be AM 
or FSK: - 


The 
transmitted 
information 
is in the 
form 
of 
a 7-bit 
word, 
see figure 
10 for format, 
a start 
bit and 6 informat- 
ion 
bits. 
On 
reception 
of a signal 
the 
receiver 
performs 
a series 
of tests 
to achieve 
the 
necessary 
noise 
immunity 
and check 
the val idity 
of the signal 
: 


- 
The 
bi-phase 
code 
is checked 
to ensure 
that 
there 
is only one edge during 
anyone 
time window. 


- 
The 
word 
length 
is checked 
for 
the 
presence 
of 
7 bits_ 


The 
latter 
test 
is carried 
out 
only 
in the 
AM 
mode. 


After 
reception 
of an apparantly 
valid 
word 
the 
receiver 
waits 
for 
some 
3ms 
to 
verify 
the 
presence 
of 
noise 
or 
other 
transients. 
Should 
these 
be 
present 
the 
word 
is 
rejected 
and 
not 
decoded. 
Should 
the word, 
on the other 
hand, 
be found 
to be valid it is moved 
into a latch, 
by the 
signal 
TR F (see figure 
4) and decoded. 
At the 
same 
time 
it is released 
on the serial data 
bus. 


The 
end 
of transmission 
is notified 
by the 
reception 
of 
the 
"End 
of Transmission" 
code, 
channel 
62. 
In the case 
of the 
MC 14497 
transmitter 
this 
is transmitted 
automat- 
ically 
when 
any 
button 
is released. 
This 
word, 
too, 
is 
available 
on the 
serial data 
bus. 
In the 
eventuality 
of the 
transmission 
being 
interrupted 
for 
more 
than 
570ms 
an 
internal 
timer 
will 
automatically 
generate 
the 
"End 
of 
Transmission" 
code 
which 
will be processed 
in the normal 
manner. 


While only 
channels. 
0 to 25 and 62 are recognised 
by the 
internal 
instruction 
decoder, 
all 62 commands 
are available 
on 
the 
serial 
data 
bus; 
in 
the 
TV 
mode 
whatever 
is 
received 
at the Signal 
In pin will be repeated 
on the 
bus. 
In any other 
mode, 
i.e. when 
pins Mode 
1 and/or 
Mode 2 
are 
high 
the 
clock 
line 
will 
be 
disabled 
after 
the 
first 
signal 
has 
been 
released. 
The 
line 
will 
be enabled 
again 
after 
receiving 
an end-of-transmission 
code 
(channel 
62) 
or when 
the time-out 
counter 
has timed 
out. 


When 
power 
is applied 
to 
the 
circuit 
the 
reset 
circuitry 
sets 
up 
the 
initial 
position: 
ON == 1 (standby). 
Mode 
1 
and 
2 = 0 (TV). 
QT = reset 
and 
the 
0/ A 'Convertorsare 
at Mid. 
Depending 
on the external 
!,ompone~ts 
the p~wer 
reset 
can 
be either 
dynamic, 
using 
pin 
RS1 as shown 
in 
figure 
11, 
or 
static 
using 
pin 
RSO. 
Normally 
the 
test 
input, 
TST, 
is held at OV. 


••• 
1•••• 
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MUTI 
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REFERENCE 
FREQUENCY 
- 
The 
reference 
frequency 
for the receiver 
is the 4MHz 
used by the MPU. 


5B - 
This 
pin, 
12, 
is the 
start 
bit 
input. 
When 
5B = 1 
the 
receiver 
will 
recognise 
a low 
start 
bit. 
Conversely, 


when 
5B = 0, 
the 
receiver 
will 
recognise 
a high 
start 
bit. This facility 
is confined 
to AM operation. 


The 
general 
operation 
of 
the 
On·Screen 
Display 
circuit 
can be followed 
by referring 
to figures 
5 to 9. 


the 
MPU to 
the 
MC 6215 
in the 
form 
of a 16-bit 
code 
and 
is in fact 
clocked 
in to the 
shift 
register 
by 
16 clock 
pulses 
while 
CE = O. All clock 
pulses 
are ignored 
while 
CE = I, as can be seen from 
figure 
6. 


While 
CE, 
the 
chip 
select, 
= 0 
the 
input 
latches 
are 


disconnected 
from 
the 
shift 
register. 
Data 
are 
samples 


during 
the high·low 
transition 
of the CLOCK 
input. 


The 
mask 
programmable 
characters 
are 
formed 
on 
a 
5 X 7 matrix, 
shown 
in figure 
8, 
with 
a dot 
height 
of 
3 lines per half picture 
and a dot width 
of one cycle 
of the 
stop·start 
oscillator, 
with a nominal 
frequency 
of 2.4MHz. 


As can 
be seen from 
figure 
8 the characters 
are displayed 
in positions 
II, 
12, 14 and 15 between 
lines 258 and 279. 
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CirCUit diagr.ms utiliZing 
Motorol. 
products ••.• includ.d 
asa m.ans 
of 
illustr.ting 
typical 
Mmlconductor 
applications, 
consequently, 


complete 
Info,matlon 
suffiCient 
for 
construction 
purpOMS IS not 
necessarily given. 
The Information 
ha' been carefully 
checked and 


IS belleyed 
to 
be entirely 
reliable 
However, 
no responSibility 
I' 
assumed for Inaccuracies 
Furthermore, 
such Inform.tlon 
does not 


convey to the purch ••• r of the semiconductor devlcas descflbed any 
license under th. patent fights of MOtorola Inc 
or oth.rs 


MC14426 


CMOS 


The 
MC14426 
Memory 
Circuit 
provides 
the 
storage 
of 
the 


tuning voltage and band information 
for 8 TV stations when used in 
conjunction 
with the MC14425/9 
Control 
Unit. 


TUNING 
MEMORY 
SYSTEM 
MEMORY 
CIRCUIT 


• 
8 static shift registers of 14 bit length 
• 
Expansion of up to 32 channels possible without 
external logic 
• 
Output 
available indicating 
address change 
• 
Low voltage (1 volt) 
technology 
requires a single cell battery 
as 
back up power source 


• 
Extremely 
low power consumption 
1- 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648 


MEMORY 
COpy 


CLOCK 


'-v--'~ 


ADDRESS 
CHIP 


INPUTS 
SELECT 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
Voo 
+6to 
-0.5 
Vde 


Input 
Voltage, 
All inputs 
Vin 
VOO to -0.5 
Vde 


DC Current 
drain per pin 
I 
10 
mA 


Operating 
Temperature 
Range 
TA 
o to +70 
°c 


Storage Temperature 
Range 
T,tg 
-65'to 
+150 
°c 


Characteristic 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Operating 
Supply 
Voltage 
VOO 
4.0 
5.2 
6.0 
Vde 


Standby 
Supply 
Voltage' 
VOO 
1.2 
1.5 
6.0 
Vde 


Quiescent Current 
(VOO = 1.5 VI 
100 
0.008 
2.0 
/JAde 
(VOO = 5 V) 
0.5 
15.0 


Input 
Voltage 
(VOO = 5 V) 
VIL 
0.5 
Vde 


VIH 
4,5 


Input 
Voltage 
(VOO=5V) 
VIL 
1.0 
Vde 


VtH 
4.0 


Input 
Current 
all Inputs 
Except Pin 3. 
(VOO 
= 5 V) 
'IN 
10 
pAde 


Input 
Current2 
(VOO = 5 V) 
IIN 
-1.5 
-3.0 
-6.0 
/JAde 


Input 
Capacitance all Inputs 
(VIN = 0 V) 
CIN 
5.0 
12.0 
pF 


Output 
Current 
all Outputs 
(sinking) 
(VOL 
= 0.4 V) 
tOL 
0.4 
mAde 


Three State Output 
ITL 
/JA 
Leakage Current 
(sinking) 
(VOO = 5 V) 
10.001 
10.001 
15.0 


Clock 
Input 
Frequency 
(VOO = 5 V) 
fmax. 
400 
700 
kHz 


fmin. 
25 
100 


I Standby 
mode is obtained 
by lovvering Supply 
OK input to VSS during a few read/write 
cycles. VOD can then be lowered to its standby 
value, Pin 1 staying low. 


In Standby 
mode no read/write 
operation 
can be performed. 


2 An internal 
pull·up 
resistor is present on pin 3. 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage due to 
high 
static 
voltages 
or electric 
fields; 
however. 
it 
is 
advised 
that 
normal 
precautions 
be taken 
to 
avoid 
application 
of 
any voltage 
higher 
than 
maximum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 
operation 
it 
is recommended 
that 
Vin 
and Vout 
be constrained 
to the range VSS ~(Vin 
or Vout) 


~VDD· 


Unused 
inputs 
must always 
be tied 
on an appropriate 
logic voltage 
level (e.g., either 
VSS or VOO). 


DATA 
IN/OUT 
- 
The 
input/output 
control 
section 
provides 
the 
interface 
between 
the 
memory 
and 
the 
control 
circuit 
MC14425/9 
via pins 5 and 4. The output 
network 
is active only 
when 
the chip 
is selected and 
supply OK (pin 1) is at 1. The relationship between clock 
and input/output 
signals is shown below: 
-=,~ 


~ 
Jn._ 


~~ 
.. 
~Delay 
(20 ••.•S) 


DATA 
IN 
ASSUMING 
1010 .. 


DATA 
OUT 
ASSUMING 
1010 ... 


DATA 
OUT 
ASSUMING 
0101. 


It 
should 
be noted 
that the memory 
copy information 
on pin 3 input 
is inserted into the serial data transfer line 
which goesto the control 
circuit during period T2. 


MEMORY 
COPY - 
This input 
is controlled 
by connect- 


ing pin 3 to VSS (ground!. 
which in turn holds down the 
memory 
output 
signal during 
period T2. This function 
allows to transfer the content 
of the 14 bit shift register 
of 
the 
control 
circuit 
MC14425/9 
into 
any 
memory 
location as long as this command is preseN. 
Its utilisation 
is two-fold: 


To resume search for a TV station 
starting 
from 
the 
last selected station rather than from 
a random tuning 
voltage. 


To copy the content 
of a shift register into a different 
location. 
This 
permits 
to 
change the 
order 
of 
TV 
programs according to the user wish. 


SUPPLY OK 
- 
In caseof power failure this input (pin 1) 
is used to deactivate all functions 
of the chip so that no 
data is lost, rpovided that VDD is held at 1 volt minimum. 
(See note 1.) 
The 
supply 
OK 
signal 
is enabled 
in such a way 
that 
deactivation 
during 
transfer 
of information 
is prevented. 


ADDRESS 
INPUTS 
- 
To 
select the 8 memory 
words 
only 
three 
A, B, C address bits 
are required. 
(pins 14, 


13,12.) 


Ch8nnel 
A 
B 
C 


1 
0 
0 
0 
2 
1 
0 
0 
3 
0 
1 
0 
4 
1 
1 
0 
5 
0 
0 
1 


6 
1 
0 
1 
7 
0 
1 
1 
B 
1 
1 
1 


CHIP SELECT 
- 
To facilitate 
the parallel connection 
of 
several MC14426 memory circuits, 
four additional 
inputs 
D, D*, E, E* are provided for chip select. 
The truth table of chip select inputs is given below. 


Chip 
Selected 
Channel 
0 
0* 
E 
E* 


1 
1 to 
B 
0 
0 
0 
0 


2 
9 to 16 
1 
1 
0 
0 


3 
17 to 24 
0 
0 
1 
1 


4 
24 to 32 
1 
1 
1 
1 


None 
- 
Any other combination 


D* 
and E* 
are programming 
inputs 
of 
the chip select 
network and are normally 
connected to VSS or VDD. 


The logic levels on these inputs specify the levels of the D 
and E inputs for chip selection. 
The chip is selected if D = D* and E = E*. 
As shown 
in 
the above truth 
table up to four 
circuits 
(32 channels) can be connected 
in parallel 
without 
ex- 


ternal decoding. 


ADDRESS 
CHANGE 
- 
An additional 
function 
(pin 15) 
is available to mute the sound section of the TV set during 
each 
address change. 
The 
400msec. 
one-shot 
on 
the 
control 
dircuit 
(MC14425/9) 
provides this feature. This 
one·shot is triggered by the address change signal supplied 
by the memory circuit. 
If the address is changed, the AC 
signal appears on the leading edge of the internal strobe 
pulse and lasts one (T 1 + T2) cycle. 


MC14429P-B 


The MC14429B 
control 
circuit 
will 
perform the following 
functions 


when used as part of the Motorola 
Tuning 
Memory. 


CMOS 


TUNING 
MEMORY 
SYSTEM 
CONTROL 
CIRCUIT 


• 
LC Clock generator 
• 
Underflow 
protected 
UP/DOWN Counter providing 
information 


for memory 


• 
Rate multiplier 
for D/A conversion 


• 
Shift register for memory data accessand storage of new data 


• 
2,3 or 4 TV band counter with automatic 
or manual switching 


• 
Control section for automatic 
or manual TV station search 


• 
Automatic 
volume muting control 
during each search and 


programme change 
P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
707 


AODRESS 
i 
~ 
CHANGE 
g 


SlARCH 
D(8OUNCE 
START 
MUTE 
MUTE 


~ 
i :z~ 
e 
~~ 
g . 
z 


This 
i, advance 
information 
on a new 
introduction 
and specifications 
are 
subject 
to change 
without 
notice. 
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MAXIMUM 
RATINGS 
(TA = 25 °Cl 


Symbol 
Volue 
Unit 


VOO 
+6 to --{).5 
Vde 


Vin 
VOO to -0.5 
Vde 


10 
mA 


TA 
o to +70 
°c 


Tstg 
~5 
to +150 
°c 


'ELECTRICAL 
CHARACTERISTICS 
(T A = 0 to 70 Oct 
Voltages 
referenced 
to VSS, pin 9 


Char.cteristics 
Pin 
Symbol 
ConditiOf'l 
Min. 
Typ. 
M.x. 
Unit 


Power Supply 
Operating 
Range 
18 
VOO 
4.95 
5.2 
6 
Vde 


Input Current. 
All inputs 
(except 
pins 5, 7) 
fin 
10 
pAde 


8 
IOH 
VOO -0.4 
V 
280 
!JAde 
Enable Output 
Current 
IOL 
0.4 V 
280 
/.lAde 


IOH 
VOO -0.4 
V 
280 
/.lAde 
Band Switching 
Output 
Current 
13,14 
IOL 
0.4 V 
280 
/.lAde 


1 
IOH 
VOO -0.4 
280 
/.lAde 
Other 
Output 
Currents 
10,17 
IOL 
VOL = 0,4 V 
280 
!JAde 


One Shot Output. 
Search & Mute (see') 
5,7 
IOL 
VOL = 0,4 
280 
!JA 


15 
IOH 
VOO -0.4 
V 
160 
!JA 
Oscillator 
tOL 
VOL =0.4 
V 
160 
!JA 
-- 


Power Dissipation 
Po 
@3oo KHz 
7.5 
mW 


Osc.tlator 
Frequency 
fo 
50 
350 
KHz 


I An 
ext~rnal 
Dull-up 
reSistor 
must 
be provIded 
on pin 
7. 


Band 
I 
Pin 
14 
I 
Pin 
13 
Ramp 
Speed' 
I 
I 
Ban:;-~;. 
~----c~nn.ct···-~ 


I 
I 
I 
i 


f-------- 
---- 
---- -------1 


UHF 
0 
0 
7 sec. 
C,\BLE = 
Pon2 to Pin 13 
, 
I 
VHFl 
1 
0 
7 sec. 


~-~ 
3 & C~;LE 
_ 
p,n~-: 
P:~-;-4 
..J 
VHF 3 
I 
0 
I 


1 
7 sec. 
I 
CABLE 
I 
1 
1 
7 sec. 
t 
I 
I 


At 
300 
KHz 
Clock 
frequency 


ThiS deVIce contams 
CirCUitry 
to 
proteCT the 
inputs 
against damage due to hIgh statIc voltages or etectril: 
fields, 
howev~r. 
It IS 


adv.sed that 
normal 
precautions 
be taken to avoid applicatIon 
of any voltage higher than mal(lmum 
rated \/'':)lTagesto thiS hl':Jh 
Impedance CirCUli. For proper 
operation 
It is recommended 
that 
Vln 
and Vout be constrained 
to ttle range "SS ~(V 
In or VOut\ 


~VDD 


Unused inputs must always be tied on an appropriate 
logiC \/'oltage level (e.g., either 
VSS 
or VOO) 


CLOCK 
OUT 
- 
Clock 
pulses (PIN 
1) control 
the transfer 


of 
data 
between 
the 
MC14429B 
control 
chip 
and 
the 
me'mory 
chip 
via 
pins 
4 and 
17. For 
best system 
perform- 


ance the 
oscillator 
circuit 
should 
generate 
a pulse train 
of 


approximately 
300kHz, 
however 
the 
frequency 
value 
is 
not critical. 


The clock 
out 
signal timing 
is shown 
below. 
-.r:UM-·'m 


f = Oscillator frequency; 
T1 + T2 = Rate Multiplier; 
T, = Shift Cycle. 


BRM 
OUTPUT 
- 
The 
binary 
rate 
multiplier 
output 
is 
available 
on pin 
1o. 


The 
binary 
word 
cycle 
is approximately 
13 msec 
for 
a 


clock 
frequency 
of 300 
KHz 
(3.3Ilsec 
pulse 
width). 
The 


output 
provides 
pulses symmetrically 
spaced 
to 
facilitate 


the filtering 
when 
doing 
D/A 
conversion. 


In the 
block 
diagram 
of 
Figure 
1. the 
least 
significant 
bit 


is to 
the 
right. 
Bits 
13 and 
14 represent 
band 
information, 


therefore 
overflow 
of 
the 
rate 
multiplier 
control 
word 


automatically 
increments 
band 
information. 


SEARCH 
& 
MUTE 
- 
Search 
mode 
is initiated 
by 
pre· 


sen ting 
a 0 on pin 7. For trouble 
free operation 
the signal 


on 
pm 7 
is 
debounced 
internally 
on 
both 
edges 
for 
13 msec. 
As soon 
as search 
is initiated 
and 
the debounce 


cycle 
is terminated 
this 
pin 
becomes 
an OUtpul 
for 
the 


mu!p. signal which 
is available 
durmg 
the whole cycle. 
The 


s~arch 
cycle 
ends 
when 
a valid 
station 
is found 
and 
the 


nne shot 
(RiC 
on pin 5) has timed 
out. 
The mute 
signal 
IS 
av::ilabie 
31so dt address 
change 
and during 
any other 
time 


t~·i~ one shot 
is active. 
Each 
time 
the oneshot 
!$ reset 
the 


mute 
output 
will 
momentarily 
go to high 
and back 
to low 


for 
less 
than 
13 msec. 
It 
is therefore 
recommended 
to 


introduce 
a ploper 
time 
constant 
on this line to smooth 


out the mute 
function. 


Mute 
IS also 
provided 
when 
supply 
.OK 
Input 
(pin 
3) 
is 


VSS· 


Two ramp 
modes 
are present: 


Search 
mode, 
with d rate of change 
of 8 steps per clock 


cycle 
dnd a scan time of 7 seconds. 


2. T!ackmg 
mode, 
used 
for 
manual 
search 
or 
normal 


lOCked on conditions, 
with 
a rate 
of change 
of 
1 step 
per clock 
cycle and a scan time of 56 seconds. 


S~alch 
rnodt' 
IS termInated 
by the Simultaneous 
presBnce 


of" 
1 '''' 
I,,"h 
Input' 
UP (pin 
11) and DOWN 
(Pin 
12) 


SUPPL Y 
OK 
- 
An 
Input 
(pin 
3) 
i, 
provided 
to 
ensure 


thdt 
durmg 
power 
failures, 
flash-overs. 
low supply 
volta- 


ges, etc 
no memory 
information 
can be modified 
or lost. 


In ope1atu1g 
conditions 
it 
should 
receive 
a 1 from 
the 


linear 
processors 
UAA 
1ooBA/C. 
When 
at a the 
Search 
FF, 


analyse 
F F 
and 
Band 
sk ip 
F F 
are 
all 
reset. 
The 


UP/DOWN 
control 
logic 
is not 
inhibited 
and 
a 1 on 
the 


UP or 
DOWN 
inputs 
still 
could 
modify 
the content 
of the 
shift 
register. 


However, 
due 
to 
the 
fact 
that 
the 
memory 
circuit 
does 


not 
send 
any 
information 
when 
Supply 
OK 
is at 0, no 


data can be modified. 


TIME 
BASE 
- 
This 
input 
(pin 
6) 
receives 
a 1 whenever 


coincidence 
between 
fly-back 
and 
video 
sync 
signals 
has 


been 
detected 
by 
the 
Iinear 
processors 
UAA 
1008NC. 


In the search 
mode 
the presence 
of a 1 on pin 
6 is checked 


by 
the 
analyse 
flip·flop 
set by the 
one shot. 
If time 
base 


information 
is present 
before 
the 
one 
shot 
is timed 
out 


(usually 
400 
msec. 
from 
ramp 
stop) 
the 
analyse 
FF 
is 


reset, search/mute 
ends and a stable 
situation 
reached. 


Should 
time 
base 
be a when 
the 
one 
shot 
times 
out, 
search wi II resume. 


If 
in Memory/Normal 
mode, 
the presence 
of 
a 1 on pin 6 


will 
force 
Enable 
Out 
to low, 
if at a Enable 
Out 
will 
go to 


the tristate 
condition. 


ENABLE 
OUT 
- 
This 
output 
(pin 
8) 
is used to control 


the 
AFC 
OUT 
gate 
and 
UP/DOWN 
overlap 
in the 
linear 


processor 
circuit 
UAA1OO8A/C. 
Its truth·table 
is the following: 


Search 
FF 
Analyse 
FF 
Time 
Sase IN 
Enable OUT 
(internall 
linternall 
(PIN 6) 
(PIN 8) 


0 
0 
0 
Tristate 


0 
0 
1 
0 


0 
1 
0 
0 


0 
1 
1 
0 


1 
x 
X 
1 


0 
0 
X 
Tristate 


The 
first 
line 
of 
the 
truth 
table 
Indlcat~s 
that 
the 


svst~J11 IS in Its memory 
mode 
and that no TV station 
I') 
receIved. 


The 
second 
Ime 
Indicates 
theit 
a valid 
TV:-tation 
IS 


recelvpd 
rind system 
IS In Its nOlmal memory 
mode. 


The 
third 
line shows 
the 
stdtes 
during 
the 
"oneshot" 


pellod, 
e.g. the 
searr;h 
functIon 
has been 
interrupted 
temporarily 
and waits 
for T ,me Bas~ signdl. 


The fOUl~h line is as above but Time Bast' 
IS present. 


Th~ fifth 
line represents 
SeMch mode, 
thp seatch 
FF is 
set (lnd enable 
out IS forc~d 
to 
1 


The 
sixth 
IUle rt:'pr~:-el1ts o.\ddrt.:'ss Change, 
enable 
out 
<Joes tristate 
during 
the on tlmt' 
,,)f the one shot. 


UP & DOWN 
- 
These two 
I~PllIS 
(pin 
11 & 12) have two 


modes 
of opel atlon. 


When 
the 
system 
is 
In 
s~(trch. 
only 
the 
Slmllltaneous 


presence 
of 
an UP dnd a DOWN 
signal, 
bnth 
of them 
at 1, 


will interact with the system by stopping the search ramp. 
A 1 on only one of the two inputs does not stop search 
nor 
reduce 
search 
speed. 
Logic has been included 
to 
improve the "Stop process" by making it independent of 
the up and down width when both at 1. 
When the circuit is not in search, a 1 on the UP or DOWN 
inputs results in adding or subtracting 
a one to or from 
the content 
of the 14 bit shift register during each rate 
multiplier 
cycle. Built·in underflow protection 
prevents 
a band change if the digital word is zero and a DOWN 
command 
is initiated. 


BAND CODE - 
Refer to band selection logic table for 
output 
code. (pin 13 MSB, pin 14 LSBI. 


A maximum 
of four bands are available. Three or two 
bands only can be obtained by connecting pin 2 to pin 13 
or 14 as per band selection logic table. 
Note 
that 
no 
debounce 
network 
is included 
on pin 
2 input. 
Therefore, 
if manual 
band ·skip 
is required, 


provision for a bounce· free input signal has to be made. 


Cl 
3.9nF1 
C2I 
S60 
PF 


MILLI.1ETERS 
I••CHES 


111M 
IlIN 
MAX 
IlIN 
MAX 
A 
22.22 
23.24 
0.515 
0.915 
• 
6.10 
. 0 
0.2 
0.260 
4 
4.1 
0.155 
n:J8O 
D 
0.36 
0.56 
0.014 
0.022 
1. 
.010 
G 
2.$4 
BSC 
0.100 
BSC 
" 


1.02 
1.52 
0.040 
0.060 
J 
0.20 
0.30 
o.OOB 
0.012 
K 
2.9 
3.4 
0:115 
0.135 


M 
(ICI 
15° 
no 
15° 
N 
0.51 
1.02 
0.020 
0.040 


Circuit 
diagrams 
utilizing 
Motorola 
products 
ar. 
incuded 
••• 
m •• ". 
of 
lIIuttr.tl"g 
typical 
Mm'lconductor 
applications; 
coneequently. 


complete 
Information 
sufficient 
for 
construction 
purpo •• 
I. 
not 
nec •••• 
'lIy 
glva". 
The 
Information 
h•• 
b•• " carefully 
checked 
and 


NOTU: 


I. 
POSlnONAL 
TDLERANCE 
OF LEADS IDI. 
SHALL IE WITHIN 0.25mm10.Ol01 
AT 
MAXIMUM MATERIAL 
CONDITIDI/. 
IN 
KELATlO,N TO SEATING 
PLANE AND 
EACH OTHER. 


Z. 
IIMENSIDN 
L TO CENTER 
OF LEADS 
WHEN FORMED 
PARALLEL 


I. 
DIMENSION 
B DOES NOT INCLUDE 
MOLD FLASH. 


is 
balleved 
to 
ba 
antlraly 
rell.bl •. 
Howaver, 
no 
ra'Ponsiblllty 
is 
assumed 
for I"accuracl •• , Furthermor., 
such information 
dMI not 


convey 
to 
the purchaser 
of the •• mlconductor 
davie •• 
described 
anv 
license 
under 
the patent 
rights 
of Motorola 
Inc. or others. 


MC14430 


CMOS 


The MC14430 
is an integrated circuit 
designed for program selection 
address in TV and radio receivers by means of push button 
switches. 


• 
8 program inputs 


• 
Binary coded open drain latched output 
• 
Push button 
type 
keyboard 
allows for electrical 
isolation 
in live 
chassis applications 


• 
Single or double keying operation 
possible 


• 
Up to four circuits can be cascaded 
• 
Normally 
closed or normally 
open switches can be used. 


This device contains 
circuitry 
to protect 
the 


inputs 
against 
damage 
due 
to 
high 
static 
voltages 
or 
electric 
fields; 
however, 
it 
is 
advised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum 
rated 
voltages to 
this high im- 
pedance circuit. 
For proper operation 
it is 
recommended 
that 
Vi" and 
Vout 
be cons- 


trained to the range VSS ~(Vin 
or Vout) ~ 


VDD· 


+voo 


[: " 
~ 
J 
' 
0 


• 
J 
0v 
•---.! 
~ 
• 
• 
> 
0- 


7 
• 
i< 
Q 


• 
7 
'".. 


MAXIMUM 
RATINGS 
(T A; 
25°C) 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
+10 to -0.5 
Vde 


Input Voltage. All Inputs 
Vin 
VOO to -0.5 
Vde 


DC Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
TA 
o to +70 
°c 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


ELECTRICAL 
CHARACTERISTICS 
(T A; 
0 to 70 °CI 


Characteristics 
Symhol 
Min. 
Typ. 
Max. 
Unit 


Operating Supply Voltage 
VOO 
4 
5.2 
6 
Vde 


Quiescent 
Current 
per 
Package 
(Pins 
16,1,2. 
100 
"Ade 
3,4,5,6,7 
open or grounded) 
VOO = 5 V 
- 
0.068 
10 


Input Voltage 
"0" 
Levet 
VIL 
- 
2.25 
1.5 
Vde 


"'" 
Level 
VIH 
3.5 
2.75 
- 


Input Current 
VOO = 5 V 
lin 
"Ade 


Vin"" 
1 V 
- 
2.1 
- 


Vin = 2 V 
- 
2.6 
- 


Vin '" 5 V 
- 
2.6 
6.0 


Output 
Drive 
Current 
IOL 
mAde 
(VOL = 0.5 VI 
VOO = 5 V 
2.5 
6.2 
- 


Output 
Drive Current 
IOL 
mAde 
(VOL = 0.5 VI 
VOO = 5 V 
0.9 
2.25 
- 


APPLICATION 
INFORMATION 
FIGURE 2 - BOUNCE IMMUNE APPLICATION 


Incorrect 
encoding 
of the 
selected 
program 
number 
can 
occur 
whenever 
the 
last 
bounce. 
on 
opening 
a normally 
open 
switch, 
is 40 
to 60 lisec. 
wide. 
Should 
the 
type 
of 
switch 
used 
have 
a characteristic 
within 
this 
timing, 
the 
voo 


J ~ 
j 
switch 
configuration 
opposite 
is recommended. 
9A22k 


By pulsing 
the 
common 
switch 
line 
at a rate 
lower 
than 
-<>- 
16 
8 
the 
whole 
bounce 
period 
(15 msec. 
max.), 
chances 
of 
-<>- 
1 
misfunction 
are reduced. 
~ 
2 


Pulsing 
can 
be 
provided 
by 
a 
unijunction 
transistor 
- 
3 
relaxation 
oscillator 
or 
by 
a switching 
transistor 
driven 
20ms 
-, 
by 
the 
vertical 
deflection 
flyback 
signal 
or others. 
The 
H 
- , 


pulse 
width 
can vary 
between 
few hundred 
lisec. 
and few 
v 
D01J1j 
- , 


milliseconds. 
~-<>- 
7 
15 
V55 
-f 
O,5~ 


!ill!!!! 
1 
2 
3 
4 
a 
bed 


Voo 
14 
L,. 


C 
0 
t 


illlll!! 
11111111 
, 
" 


B 
C 


t 


1 
2 
] 
• 
S 
, 
7 
• 
l'~ 
I~I~I~IyIyIy 


SINGLE/DOUBLE 
KEYING 
- 
Single 
Keying 
Mode 
(SKM) is selected by connecting 
pin 10 to VDD. Double 
Keying 
Mode (DKM) 
is obtained 
by connecting 
pin 10 
to ground. 
In 
SKM, 
input 
pins: 
16, 
I, 
2, 
3, 
4, 
5, 6, 
7 select 
programs 
1 to 8 respectively. 
The corresponding 
binary 
coded output 
(000 for 
program 
1) will 
appear on lines 
A, B, C. Output 
D (pin 11) is a chip select output 
and 
will 
remain 
activated 
(at VSS) as long 
as the chip 
is 
selected. Refer to application 
information. 
In DKM, 
keys are divided 
into two groups: keys I, 2,3, 
4 (pin 
16, I, 
2, 3) and keys a, b, c, d, (pin 4, 5, 6, 7) 
which 
affect 
output 
lines A, B, and C, D respectively 
(seeapplication 
information). 


Keying sequence is important 
since output 
lines A and B 
are reset every time a, b, c, d are actuated. 
For example: 
program 
b3 is selected by keying 
b first, 
then 3. If key d is then actuated, program dl 
is selected. 


POWER 
ON 
RESET 
- 
When 
power 
is switched 
on, 
channell 
(or channel 
la in DKM) will be automatically 
selected. 


PRIORITY 
ENCODER 
- 
When 
two 
or 
more 
keys 
belonging to the same chip are activated simultaneously, 
the key having the lowest number will have priority 
and 
the corresponding 
code will be selected. 


In Double Keying Mode, key 1 has priority 
over keys 2,3 
and 4, key a has priority 
over keys b, c and d. 


MULTI 
CHIP 
SYSTEM 
- 
As 
long 
as 
one 
key 
is 
activated 
the chip select pin 9 of the corresponding 
chip 
is pulled to ground. 
That chip is now selected and ~ny other chip connected 
in parallel will be disabled. 
If 
two 
or 
more 
keys belonging 
to different 
chips are 
acutated at the same time, the chip corresponding 
to the 
first 
actuated 
key will 
be selected. When releasing the 
keys, the chip corresponding 
to the last released key will 
remain selected. 


BINARY 
CODED 
OUTPUT 
- 
In SKM, 
binary 
coded 
program 
number 
minus one is present on lines A, B, C 
(pin 14, 13, 12). 
Output 
0 
(pin 
11) goes low 
when the corresponding 
chip 
is selected. 
In 
DKM 
the 
binary 
code output 
is 
present on lines A, B, C, D. 


Circuit 
diagrams 
utililing 
Motorola 
products 
are incuded 
as a means 
of 
illustrating 
typical 
semiconductor 
applications, 
consequently. 
complete 
information 
sufficient 
for 
construction 
purposes 
is not 
necessarily 
given. 
The 
information 
has been 
carefully 
checked 
and 


1$ believed 
to 
be 
entirely 
reliable. 
Howe\ler. 
no 
responSibility 
is 


assumed 
for 
inaccllracies, 
Furthermore, 
such 
information 
does 
not 
convey 
to 
the 
purchaser 
of the 
semiconductor 
devices 
described 
any 
license 
under 
the parent 
rights 
of 
Motorola 
lnc. 
or others. 


MC14493 
MC14494 


BINARY 
TO SEVEN 
SEGMENT 
LATCH/DECODER/DRIVER 
FOR 
1% DIGITS 


The MC14493 and the MC14494 are 1y, digit 7 segment decoder and 


driver 
circuits 
designed for 
TV 
program number 
display or general 


purpose applications. 


• 
The MC14493 provides binary plus one decoding 


• 
The MC14494 provides binary decoding 
• 
Designed to drive common 
cathode LE D displays 
• 
VCR output 
is activated whenever program 16 is displayed 
• 
High current sourcing outputs 
with 
internal limiting 
resistance 


• 
Internal 
input 
Level shift. 


CMOS 


SEVEN 
SEGMENT 


DECODE R/DR IVE R 


This device contains circuitry to protect the 
inputs 
against 
damage 
due 
to 
high 
static 
voltages 
or 
electric 
fields; 
however, 
it 
is 
advised that 
normal 
precautions 
be taken to 
avoid application 
of any voltage higher than 
maximum 
rated, voltages to this high impe· 
dance 
circuit. 
For 
proper 
operation 
it 
is 
recommended that Vin and Vout 
be cons· 


trained to the range VSS <; (Vi" 
or Vout) 
<; 


VDD· 


Vss 


11 
Wll 


~ 
" 


1J 


16 
" 
15 
AOORESS 
DfCOOER 
" 
,. 


ANO 
13 
SEGMENT 


ARRAY 
12 


11 
10 
9 


h+i 


Rating 
Symbol 
Value 
Unit 


OC Supply Voltage 
VOO 
-0.5 
V to +18 
Vdc 


Input 
Voltage, 
all Inputs 
VIN 
-0.5 
V to VOO + 0.5 
Vdc 


DC Current 
Drain per Input 
, 
10 
mA 


Dissipation 
per Output 
Driver 
POH 
mW 


Pins 1, 2, 3,12,13,14,15 
50 
Pin 4 
100 


Operating 
Temperature 
Range 
TA 
o to +70 
°C 


Storage Temperature 
Range 
Tstg 
-65 
to +150 
°C 


Characteristics 
Symbol 
Min. 
Max. 
Unit 


OC Supply Voltage 
VOO 
4.5 
16 
V 


Input 
Voltage 
V'L 
0.8 
V 


(VOO: 
15 V) 
VIH 
4 
V 


(VOO = 5V) 
3.5 


Input 
Current 
'IN 
.1 
IlA 


VCR, 
Output, 
open drain 
(VOH ~ VOOI 
IOH 
.1 
IlA 


(VOL = 0.5 V, VOO = 5 V) 
IOL 
0.2 
mA 


(VOL = 0.5 V. VOO = 15 V) 
1 


Outputs 
a,b,c,d,e,f,g 
(VOH - 2.0 V, VOO - 5 V) 
IOH 
-7.5 
mA 


(VOH = 1.5 V, VOO = 5 V) 
-11.5 


(VOH· 
12 V. VOO = 15 VI 
-7.5 


(VOH = 11.5 V, VOO = 15 VI 
-11.5 


(VOL·l 
V, VOO = 5 V) 
IOL 
0.1 
mA 


(VOL = 1 V. VOO = 15 V) 
0.5 


Output 
h + i 
(VOH ~ 2 V, VOO ~ 5 V) 
IOH 
-15 
mA 
(VOH 
= 1.5 V. VOO: 
15 V) 
-23 


(VOH· 
12 V, VOO = 15 V) 
-15 
(VOH 
= 11.5 V, VOO = 15 V) 
-23 


(VOL 
= 1 V. VOO - 5 V) 
IOL 
0.2 
mA 


(VOL = 1 V. VOO - 15 V) 
1.0 


SEGMENT DRIVER (a, b, c, d, e, f, g, h, i; Pins 1, 2, 3, 
4,12,13,14,15). 


The 
segment 
drivers 
are 
emitter·follower 
NPN·tran· 
sistors. To limit the output 
current, 
a resistor typically 
290 ohms is integrated 
internally at each output. There· 


fore, external 
resistors are not necessary when driving an 
LED at the supply voltage of VDD = 5.0 volts. 


This output 
is activated 
(goes to low) whenever 
the 


address corresponding 
to program 16 is selected. Other· 
wise the output 
is open. 
See the truth table. 


The block diagram is shown on page 1. The inputs A, B, 
C and D are fed to a 4·bit latch which is controlled 
by 
clock (CLl. Two modes of operation are available. 


The data on the inputs A. B. C aNd D will pass through 
the 
latch and will be displayed 
immediately 
when the 
clock 
is low. In this mode of operation 
the circuit 
is 
performing the function of a conventional decoder/driver. 
The data may be loaded into the latch when CL = low 
and will be latched with the rising edge of CL. The data 
will remain stored as long as CL is high. 


14493 TRUTH 
TABLE 


A 
B 
C 0 
• 
b 
c 
d • 
f 
g 
h+i 
VCR 
Display 


0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 
1 
1 
0 
1 
1 
0 
1 
0 
1 
2 
0 
1 
0 
0 
1 
1 
1 
1 
0 
0 
1 
0 
1 
3 
1 
1 
0 
0 
0 
1 
1 
0 
0 
1 
1 
0 
1 
4 
0 
0 
1 
0 
1 
0 
1 
1 
0 
1 
1 
0 
1 
5 
1 
0 
1 
0 
1 
0 
1 
1 
1 
1 
1 
0 
1 
6 
0 
1 
1 
0 
1 
1 
1 
0 
0 
0 
0 
0 
1 
7 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
0 
1 
8 


0 
0 
0 
1 
1 
1 
1 
1 
0 
1 
1 
0 
1 
9 
1 
0 
0 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
10 


0 
1 
0 
1 
0 
1 
1 
0 
0 
0 
0 
1 
1 
11 


1 
1 
0 
1 
1 
1 
0 
1 
1 
0 
1 
1 
1 
12 
0 
0 
1 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
13 
1 
0 
1 
1 
0 
1 
1 
0 
0 
1 
1 
1 
1 
14 


0 
1 
1 
1 
1 
0 
1 
1 
0 
1 
1 
1 
1 
15 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
0 
16 


14494 TRUTH 
TABLE 


A 
B 
C 0 
• 
b 
c 
d • 
f 
g 
h+i 
VCR 
Display 


0 
0 
0 
0 
1 
0 
1 
1 
1 
1 
1 
1 
0 
16 
1 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
1 
1 
0 
1 
0 
1 
2 
1 
1 
0 
0 
1 
1 
1 
1 
0 
0 
1 
0 
1 
3 
0 
0 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
1 
4 
1 
0 
1 
0 
1 
0 
1 
1 
0 
1 
1 
0 
1 
5 
0 
1 
1 
0 
1 
0 
1 
1 
1 
1 
1 
0 
1 
6 
1 
1 
1 
0 
1 
1 
1 
0 
0 
0 
0 
0 
1 
7 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
8 
1 
0 
0 
1 
1 
1 ; 
1 
0 
1 
1 
0 
1 
9 
0 
1 
0 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
10 
1 
1 
0 
1 
0 
1 
1 
0 
0 
0 
0 
1 
1 
11 
0 
0 
1 
1 
1 
1 
0 
1 
1 
0 
1 
1 
1 
12 
1 
0 
1 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
13 
0 
1 
1 
1 
0 
1 
1 
0 
0 
1 
1 
1 
1 
14 
1 
1 
1 
1 
1 
0 
1 
1 
0 
1 
1 
1 
1 
15 
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MC14497P 


CMOS 


The 
MC 14497 
is a PCM remote control 
transmitter 
realised in 
CMOS technology. 
Using a dual-single (AM/FSKj 
frequency biphase 
modulation 
the transmitter 
is designed to work with the MC 6203 
and MC 6215 receivers_ 


PCM REMOTE 
CONTROL 


TRANSMITTER 


• Very low duty cycle 


• Very low standby current 


• Selectable Start-Bit polarity 
(AM only) 


• Shifted key mode available 


P SUFFIX 


PLASTIC PACKAGE 
CASE 707 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
Voo 
+ 15 to - 
0.5 
Vdc 


Input Voltage, All Inputs 
Vin 
VOO to - 
0.5 
Vrlc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range 
TA 
o to 
170 
·c 


Storage Temperature Range 
Tstg 
-65to 
.150 
·c 


Characteristics 
Pin 
Min 
Max 
Unit 


Supply voltage 
18 
5.0 
10.0 
V OC 


Supply Current 
18 


Idle, Vdd = 10V 
50 
I,A 


Operation, VOO;.:c lOV 
5 
mA 


Signal Output Current 
8 


Source VOH ~ 4.0V 
·-1.0 
mA 


VOO = 5.0V 


Sink 
VOL = 0.5V 
200 
"A 
VOO = 5.0V 


Scanner output Current 
4,5 


Source VOH :;::;. 
4.0V 
6,7 
-50 
"A 
VOO = 5.0V 


Sink 
VOL = 0.5V 
380 
"A 
VOO = 5.0V 


Oscillator Input CIJI,p.nt 
12 


Source VIL = OV 
--2 
-80 
"A 
VOO = 10V 


Sink 
VIH·= 
10V 
2 
80 
"A 
VOO 


_0 10V 


ldh:, Sink 
V1L = 0.5V 
30 
"A 
VOO = 5.0V 


Oscillator Output Current 
13 


Source VOH 
-= 4.0V 
-430 
"A 
VOO = 5.0V 


Sink 
VOL 
~ 0.5V 
380 
"A 
VOO = 5.0V 


Decoder In!Jut Current 
1,2 


Source V1H=9V 
3,10 
-15 
"A 
VOO = 10V 
11,14 


Sink 
V1L = 0.5V 
15,16 
-150 
"A 
VOO ~ 5.0V 
17 


Decoder Input Voltage Level 
1,2 


VVO = 5.0;V1L 
3,10 
1.2 
V 


VOO = 10V;V1H 
11,14 


15,16 


VOO = 10V; V1L 
17 


V1H 
9 


This 
device contains 
circuitry 
to 
protect 


the inputs against damage due to high static 
voltages 
or 
electric 
fields; 
however, 
it 
is 
advised that 
normal 
precautions be taken 
to avoid application 
of any voltage higher 


than maximum 
rated voltages to this high 
impedance circuit. 
For proper operation 
it 


is recommended 
that 
V in 
and 
Vout 
be 
constrained 
to 
the 
range V SS <; 
(V in 
or 
Vou,l 
•• VOO· 


The 
transmitter 
emits 
a 
6-bit, 
labelled 
A(LSB) 
to 
F(MSBI. 
binary 
code 
giving 
a 
total 
of 
64 
possible 
combinations 
or 
code 
words. 
All 
of 
these 
are 
user 


selectable, 
except 
the 
last two 
- where 
channel 
63 
is not 


sent 
while 
channel 
62 
is 
automatically 
sent 
by 
the 


transmitter 
at the 
end 
of each 
transmission 
as an "End 
of 
Transmission" 
code. 


In either 
mode, 
AM or 
FSK, 
the 
transmitted 
signal 
is in 


the 
form 
of 
a 
biphase 
pulse 
code 
modulation 
(PCM) 


signal. 
The AM coding 
is shown 
in figure 
1. 
I 


FIGURE 
2 - 
AM CODING 
-rt 
;:, nil 
'0' ----i.-J 
'1 L 


, 
, 
, 
AM 
'I 
I 
I 
I 
, 
~ 
:,' 
'1' --.J '1 ~ 


Where 
fl is a train 
of pulses 
at the 
modulating 
frequency 
of 31.25 
kHz for a reference 
frequency 
of 500kHz. 


In 
the 
FSK 
mode 
two 
modulating 
frequencies 
are 
used 


as shown 
in figure 
3. 


FIGURE 
3 - 
FSK CODINGl 
-II- 


~ 
'0' --.J 
'2 I'1 L 


I 
: 
~ 
I 
, 
, 
, 


~ 
'1' --.J '1 I'2 L 


Where 
fl 
is 50kHz 
and 
f2 
is 41.66kHz 
for 
a reference 


frequency 
of 500kHz. 


The 
keyboard 
can 
ba 
a simple 
switch 
matric 
using 
no 
external 
diodes, 
connected 
between 
the 
four 
scanner 


outputs, 
A 1 to 
A4, 
and 
the eight 
row 
inputs, 
E 1 to E8. 


Under 
these 
conditions 
only 
the 
first 
32 code 
words 
are 
available, 
bit-F 
is always 
at logical 
"0". 
However, 
a simple 
two-pole, 
changeover 
switch, 
in 
the 
manner 
of a type· 


writer 
"shift" 
key 
(switch 
FK3 in figure 
1) can be used 
to 
change 
the 
polarity 
of bit-F 
to give access 
to the next 
full 


set of 32 instructions. 


An alternative 
method 
of accessing 
more 
than 
32 instruct- 


ions 
is by the 
use of external 
diodes 
between 
the address 


inputs, 
see 
figure 
4. 
These 
have 
the 
effect 
of 
producing 


"phantom" 
address 
inputs 
by 
pulling 
two 
inputs 
low at 
the 
same 
time, 
which 
causes 
bit-F 
to 
go high, 
that 
is to 
logical 
"I". 
By interconnecting 
only 
certain 
address 
inputs 


it is possible 
to make 
an intermediate 
keyboard 
with 
bet- 
ween 
32 and 64 keys. 


The 
other 
two 
switches 
in figure 
1, FK1 and 
FK2, 
change 
the 
modulation 
mode, 
a closure 
changes 
the 
modulation 
from 
FSK 
to 
AM, 
and 
the 
start-bit 
polarity, 
a closure 
changes 
the start·bit 
to a logical 
"0", 
respectively. 


The 
full 
range 
of 
options 
available 
is illustrated 
in the 


table 
below: 


bit·F 
I 
Channels 


o 
I 
0 - 31 
o 
0 - 31 
o 
0 -31' 


1 
32 - 61 
o 
0·31 


1 
32 - 61 
1 
32 - 61' 


1 
32·61 


• = Not allowed. 


One 
of 
the 
transmitter's 
major 
features 
is its low power 


consumption 
- in the 
order 
of 
10)1A 
in the idle state. 
For 
this 
reason 
the 
battery 
is perpetually 
in circuit. 
It has 
in 
fact 
been 
found 
that 
a light discharge 
current 
is beneficial 
to battery 
life. 


E9 - open 
E3·AlIFKlI 
E9 - A2 IFK21 
E9 - A3 IFK31 


E9 - AI' 
A2 


E9 - Al 
'A3 
E9 - A2 
I A3 


E9· 
Al 
I A2 
'A 


1 
FSK 
1 
AM 
o 
FSK 
1 
FSK 


o 
AM 


1 
AM 


o 
FSK 
o 
AM 


In 
its active 
state 
the 
transmitter 
efficiency 
is increased 
by 
the 
use 
of 
a low 
dury 
cycle, 
less 
than 
2.5 
':, 
for 
the modulating 
pulse 
trains. 


While 
no key 
is pressed 
the 
circuit 
is in its idle state, 
the 
reference 
oscillator 
is topped 
and 
the 
eight 
address 
input 
lines are held high through 
internal 
pull-up 
resistors_ 


As 
soon 
as 
a key 
is pressed 
this 
takes 
the 
approprialQ 
address 
line 
low, 
signaMing 
to 
the 
circuit 
that 
a key 
has 


been 
selected_ 
The 
oscillator 
is now 
enabled. 
If the key is 
released 
bedore 
the 
code 
word 
has 
been 
sent 
the 
circuit 
returns 
to 
its idle state. 
To account 
for accidental 
activat· 


ion 
of 
the 
transmitter 
the 
circuit 
has 
a built-in 
reaction 
time 
of some 
20ms, 
which 
also overcomes 
contact 
bounce. 


After 
this 
delay 
the 
code 
word 
will be sent 
and 
repeated 
at 90ms 
intervals 
for as long as the key is pressed. 
As soon 
as 
the 
key 
is 
released 
the 
circu it 
automatically 
sends 
channel 
62, 
the 
"End 
of Transmission" 
(EOT) 
code. 
The 


transmitter 
then 
returns 
to its idle state. 


The 
differences 
between 
the 
two 
modulation 
modes 
are 
illustrated 
in figure 
5. However 
it should 
be noted 
that: 


In the 
AM mode 
each 
transmitted 
word 
is preceded 
by a 
burst 
of pulses 
lasting 
512)1s. 
This 
is used 
to set up the 
AGC 
loop 
in the 
receiver's 
preamp. 
In the 
FSK mode 
the 


first 
frequency 
of 
the 
first 
bit 
is extended 
by 
1.5ms 
and 
the 
AGC 
burst 
is suppressed. 
In either 
mode 
is is assumed 
that 
the normal 
start-bit 
is present. 


R_ Inputl 
E1 to E8 (Pins 1, 2, 10, 11, 14, 16 & 17). 


Under 
idle conditions 
these 
inputs 
are held high, by 
internal pull-up resistors. As soon as a key is pressed'. 
logical "0" 
on that particular line signals to the circuit 
that a key has been selected. After a delay of 20ms the 
internal register is loaded with the code word for the key 
selected. 


Row Input 
E9 (Pin 3). This is a special programming 
input 
and when connected 
to the appropriate 
scanner 
outPut, 
via a diode, 
it will modify 
the 
transmitted 
outPut according to the table in the previous section. 


In that table the figures in brackets, FKl etc. refer to the 
switches shown in figures 1 and 4. If only one option is 
required the diode may be omitted. The connections shown 
in the table may be made in any combination. 


Although 
E9 is a row input forcing this line low will 
not activate the circuit. 


Scanner Outputs A1 to A4 (Pins 4, 5, 6 & 7). Under idle 
condition 
these outPuts are held low, logical "0". When 
oscillator will start and release the outputs. 


Oscillator (Pins 12 & 13). This is designed to operate with 
a 500kHz ceramic resonator or a tuned LC circuit. 


It is important 
that a ceramic resonator and not a filter 
is used 
here 
as the 
oscillator 
frequency 
can not 
be 
guaranteed if a ceramic filter is used. 


Signal Out (Pin 8). This output provides the modulating 
signal ready to drive the modulation amplifier. 


AM option is selected, the outPut inverted and fed directly 
to the receiver's signal input pin. 
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Channel 
Code word 
Keyboard 
Channel 
Cod. 
word 
Keyboard 


F 
E 
D 
C 
B 
A 
In 
Out 
F 
E 
D 
C 
B 
A 
In 
Out 


0 
0 
0 
0 
0 
0 
0 
E8 
A4 
32 
1 
0 
0 
0 
0 
0 
E8. 
A4 


1 
0 
0 
1 
E1 
A4 
33 
0 
0 
1 
E1. 
A4 


2 
0 
1 
0 
E2 
A4 
34 
0 
1 
0 
E2. 
A4 


3 
0 
1 
1 
E3 
A4 
35 
0 
1 
1 
E3. 
A4 


4 
1 
0 
0 
E4 
A4 
36 
1 
0 
0 
E4. 
A4 


5 
1 
0 
1 
E5 
A4 
37 
1 
0 
1 
E5a 
A4 


6 
1 
1 
0 
E6 
A4 
38 
1 
1 
0 
E6. 
A4 


7 
1 
1 
1 
E7 
A4 
39 
1 
1 
1 
E7. 
A4 


8 
0 
0 
1 
0 
0 
0 
E8 
A1 
40 
1 
0 
1 
0 
0 
0 
E8. 
A1 


9 
0 
0'1 
E1 
A1 
41 
0 
0 
1 
E1. 
A1 
10 
0 
1 
0 
E2 
A1 
42 
0 
1 
0 
E2. 
A1 
11 
0 
1 
1 
E3 
A1 
43 
0 
1 
1 
E3. 
A1 
12 
I 
0 
0 
E4 
A1 
44 
1 
0 
0 
E4. 
A1 
13 
I 
0 
1 
E5 
A1 
45 
1 
0 
1 
E5. 
A1 
14 
1 
1 
0 
E6 
A1 
46 
1 
1 
0 
EGo 
A1 
15 
1 
1 
1 
E7 
A1 
47 
1 
1 
1 
E7. 
A1 
16 
0 
1 
0 
0 
0 
0 
E8 
A3 
48 
1 
1 
0 
0 
0 
0 
E8. 
A3 


17 
0 
0 
1 
E1 
A3 
49 
0 
0 
1 
E1. 
A3 
18 
0 
1 
0 
E2 
A3 
50 
0 
1 
0 
E2. 
A3 
19 
0 
1 
1 
EJ 
A3 
51 
0 
1 
1 
E3. 
A3 


20 
1 
0 
0 
E4 
A3 
52 
1 
0 
0 
E4. 
A3 
21 
1 
0 
1 
E5 
A3 
53 
1 
0 
1 
E5. 
A3 
22 
1 
1 
0 
E6 
A3 
54 
1 
1 
0 
E6. 
A3 
23 
1 
1 
1 
E7 
A3 
55 
1 
1 
1 
E7. 
A3 
24 
0 
1 
I 
0 
0 
0 
E8 
A2 
56 
1 
1 
1 
0 
0 
0 
E8. 
A2 
25 
0 
0 
1 
E1 
A2 
57 
0 
0 
1 
E1. 
A2 
26 
0 
1 
0 
E2 
A2 
58 
0 
1 
0 
E2. 
A2 
27 
0 
1 
1 
E3 
A2 
59 
0 
1 
1 
E3. 
A2 
28 
1 
0 
0 
E4 
A2 
60 
1 
0 
0 
E4. 
A2 
29 
I 
0 
1 
E5 
A2 
61 
1 
0 
1 
E5a 
A2 
30 
1 
1 
0 
E6 
A2 
62 (EOTI 
1 
1 
0 
EGo 
A2 
31 
0 
1 
1 
1 
1 
1 
E7 
A2 
Not transmitted 
1 
1 
1 
1 
1 
1 
E7. 
A2 
NOTE: 
Although 
the '8' suffix 
applies to a 'phantom' 
input 
when 
using a keyboard 
with 
up to 64 keys the coding for a shifted 
key, 


up to 32 keys, model. 
with 
FK3 
closed, 
is identical. 
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MlllIM£TEAS 
INCHES 


OIM 
M•• 
MAl< 
MI' 
MAX 
• 
22.22 
2124 
0.815 
Q.915 
• 
.... 
7.11 
0.260 
02110 
<, 
<.1 
0.1 
.1 


0 
0.36 
0.51 
0.01' 
0020 


F 
10 
I 
0.040 
0 
, 


2.41 
2.57 
O.~5 
0.105 


H 
1.14 
1.40 
0.045 
0,055 


J 
0.20 
0.30 
0.008 
0.012 
, 
J.DS 
3.56 
0.120 
0.140 
7 
7 
7 
1 


M 
0" 
'0" 
0" 
Ill" 
• 
.SJ 
1.1)2 
0.020 
0.040 


Circuit 
diagrams 
utiliZing 
Motorola 
products 
ar.1ncluded 
as a means 
of 
illustrating 
typical 
semIconductor 
applications, 
consequently. 


complete 
mformation 
•..•ff'clent 
for 
construction 
purp0541S 
1$ not 
necessa,ily 
given. 
The InfOrmation has been carefully 
checked and 


IS believed 
to 
be 
entlfely 
reliable 
However. 
no 
responSibility 
is 
assumed 
for 
inaCcuracies. 
Furthermore, 
such 
infOrmation 
does 
not 
con••••y to the purchaser of the semiconductor 
d•••.ic.s described any 
license under the patent rights of Motorola 
Inc. or others. 


MC14499 


CMOS 


The MC 14499 is a 7-segment alphanumeric LE D decoder/driver for 
use in conjunction 
with microprocessor (MPU) systems. It is able to 
drive directly 4 digit displays . 


• High current segment drivers on-chip 


• MPU compatible 
input fevels 


PSUFFIX 


PLASTIC 
PACKAGE 
CASE 707 


This 
device contains circuitry 
to 
protect 
the inputs against damage due to high static 
voltages or electric 
fields; however, 
it 
is 


advised that normal 
precautions be taken 
to avoid application of any voltage higher 
than maximum 
rated voltages to this high 
impedance circuit. 
For proper operation 
it 


is recommended 
that 
V in 
and 
Vout 
be 
constrained to 
the 
range VSS" 
(Vin 
or 


Vou')" 
VOO· 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 '0 +7.0 
Vdc 


Input Voltage, All Inputs 
Vin 
-0.5 '0 VOO +0.5 
Vdc 


Operating Temperature Range 
TA 
0'0 
+70 
'c 


Storage Temperature Range 
Tstg 
-65'0 
+150 
'c 


Characteristic 
Pin 
Symbol 
Min 
Typ 
Max 
Unit 


DC Supply Vol,age 
18 
VOO 
4.5 
6.5 
Vdc 


Input Level· low 
5,13 
VIL 
0.3XVoo 
Vdc 


Input Level· high 
12 
V1H 
0.7XVoo 
Vdc 


Input Current (VIN;: 
0 to VDa) 
Iin 
1 
~A 


Oscillator Input· 
High Level 
6 
VILO 
0.2VOO 
Vdc 


Oscillator Input - Low Level 
VIHO 
0.8VOO 
Vdc 


Input Current (VIN = 0 to VDD' 
IINO 
-100 
100 
~A 


segment Driver Voltage below VDD 


(V DO -VSOHI 
17,14 


IOUT= 
SOmA 
1,2, 
1.0 
Vdc 


IOUT= 
10mA 
3,4 
0.8 
Vdc 


Leakage V OUT = 0 
15,16 
IOFF 
0.5 
mA 


Dig'it Drivers 


ON VOUT = 0.8V 
7,8 
100UT 
4 
mA 


OFF VOUT = 0.5V 
10,11 
100UT 
-0.1 
mA 


Quiescent Current 


VIN = 0, lOUT = 0, COSC = 15nF 
18 
10 
1 
mA 


Maximum Power Dissipation 
?MAX 
500 
mW 


CharKt.rinic 
Fig 
Symbol 
Min 
Max 
Unit 


Clock High time 
3 
'CH 
2 
~s 


Clock Low time- 
3 
'CL 
2 
~s 


Clock Rise time 
3 
'CA 
2 
~s 


Clock Fall time 
3 
'CF 
2 
~s 


Enable Lead time 
3 
'Elead 
200 
ns 


Enable Lag time 
3 
'Elag 
200 
ns 


Data Set-up time 
3 
'OSuP 
200 
n. 


Data Hold time 
3 
'OHoid 
1 
~ 


Scanner Frequency· 
5 
1/'SCAN 
50 
300 
Hz 


Osc/Digit Lead time 
5 
'00 
10 
~. 


Osc/Segnen, 
Lead 'ime 
5 
'as 
10 
~ 


Digit Overlap 
5 
'OV 
5 
~ 


The 
circuit 
accepts 
a 2o-bit 
input, 
16-bits 
for 
the 
four 
digit 
display 
plus 
4-bits 
for 
the 
decimal 
point 
- 
these 
latter 
four-bits 
are optional. 


The 
input 
sequence 
is the decimal 
point 
code followed 
by 
the four digits, 
as shown 
in figure 
2. 


In order 
to enter 
data 
the 
enable 
input, 
EN, must 
be low, 
•• O. The 
sample 
and shift 
are accomplished 
on the falling 
clock 
edge, 
see figure 
3. 
Data 
are 
loaded 
from 
the 
shift 
register 
to the 
latches 
when 
EN goes high, = 1. While the 
shift 
register 
is being 
loaded 
the previous 
data 
are stored 
in the latches. 


If the 
decimal 
point 
is used 
the 
system 
requires 
20 clock 
pulses 
to load data, 
otherwise 
only 
16 are required. 


If a 1111 
word 
is loaded 
into the decimal 
point 
latch, 
the 
output 
of 
the 
shift 
register 
is switched 
to 
the 
decimal 
point 
driver, 
see figure 
4. Therefore, 
to cascade 
n four digit 
display 
drivers 
a set-up 
is used 
which 
will 
firstly 
load 
the 
1111 cascading 
word: 


EN = 0 


2 
Load 
20-bits, 
the 
first 
four 
bits 
being 
1, with 
20 
clock 
pulses. 


3 
EN = 1, to load the latch 


4 
Repeat 
steps 
1 to 3 (n-1) times 


5 
(nX20)-bits 
can 
be loaded 
into 
n circuits, 
with 
1111 
as decimal 
point 
word 
to continue 
the cascading. 


The Scanner 
frequency 
is determined 
by an on-chip 
oscill- 
ator, 
which 
requires 
an 
external 
frequency 
determining 
capacitor. 
The capacitor 
voltage 
varies between 
two trigger 
levels at the oscillator 
frequency. 


An 
external 
oscillator 
signal 
can 
be 
used, 
within 
the 
recommended 
operating 
range 
of 
200 
to 
800Hz 
- 
to 
avoid 
flicker 
and 
digit 
overlap. 
For 
test 
purposes 
this 
frequency 
can be increased 
up to 10kHz. 


A divide 
by four 
counter 
provides 
four 
non-over 
lapping 
9Canner 
waveforms 
corresponding 
to 
the 
four 
digits 
- 
see figure 
5. 


The 
code 
used 
in this matrix 
decoder 
is shown 
in figure 
6, 
other 
codes 
can be used with 
a single mask change. 


The 
segment 
and decimal 
point 
drivers; 
these 
are NPN 
emitter 
followers 
with 
no current 
limiting 
devices. 


The 
digit 
output 
buffers; 
These 
are 
short 
circuit 
protected 
NPN devices. 


en 
en 
~ ~ 
'0, ~ 
en 
en 
en 
en 
en 
en 
'0, 
'0, 
'0, 
Ij 
~I '" 
~I '" 
'" Ij 
~I 0 0 0 
0 
...J 
...J 
::;; 


Digit IV 
Digit III 
Digit II 
Digit I 
Decimal 
Point 


02 
---~ 
O_N 
_ 


DIGIT 
SEGM 
DIGIT 
SEGM 


DATA 
DP 
DP 


CLOCK 
MC 14499 
MC 14499 
EN 
(1) 
( 2) 


'00 


OSC 


DIGIT 
I 


DIGIT 
D 


DIGIT m 


DIGIT m: 


'ov 


SEGMENT 


OUTPUTS 


'os 
I 


FIGURE 6 - SEGMENT CODE 


סס oo 
" 


1000 
II 
L' 
0 


0001 
, 
1001 
0 
, 
, 


0010 
'? 


1010 
,-, 
II 


0011 
3 


1011 
,, 


0100 
,, 
1100 
,, 
-, 
,, 


0101 
,- 


1101 
', 
:; 
LI 
, 


0110 
C 
1110 
d"" 


I 
0111 
, 
1111 
blank 


t 


SEGMENT 


OUTPUTS 
(7) 


IS 
~ 
· 
~ 
b 
~ 
, 


MCt44t' 
d 
cf 
· 
f 
ill 


• 
II 
II 
Ill. 
• 
1 


~NO 
R1-1 
II 
III 


DIGIT 
0 
,-, 


8*e 


OUTPUTSIe) 
I I 
,-, 
#' 
--#Z 
--41=-1 


v 
10 
J 
J 
••0, 
....,0. 


I 
..,0' 
v 


Ql 
- 
Q4 
: 
BC 338 
Dr 
Slmil.r 
I 
I 
..,Qe 


- 
Rl 
- 
R3 


C 
10nF 


VOD Typ 


IS :1.x 


10 ~1ax 


5 
- 
6V 


40 
- 
50mA 


8IS 
'lax 
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A 
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Circuit 
diagrams 
utilizing 
Motorola 
products 
are incuded 
as it means 
of 
illustrating 
typical 
semiconductor 
applications. 
conleQuently. 


complete 
information 
sufficient 
for 
construction 
purposes 
is nOt 


necessarily 
given. 
The 
information 
has been carefully 
checked 
and 


IS believed 
to 
be entirely 
reliable. 
Ho ••.••• 
ever. 
no 
responSIbility 
is 
assumed for 
inaccuracies. 
Furthermore, 
such information 
does not 
convey 
to the purchaser of the semiconductor 
devices described any 
license under the patent rIghts of Motorola 
Inc. or others. 


MC144100 


CMOS MSI 


(LOW-POWER 
COMPLEMENTARY 
MOS) 


The 
MC144100 
is a 32·bit 
serial 
data 
input 
to 32-segment 
LED 
driver 
realised 
in CMOS 
technology, 
designed 
for use in AC mains 
powered 
applications. 
The 
use 
of 
the 
50/60Hz 
mains 
to 
provide 
the 
two 
phase 
multiplexing 
ensures 
minimal 
radio 
frequency 
interference 
(RFI). 


DUPLEX 
MODE 


32-SEGMENT 
LED DRIVER 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 
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Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
Voo 
-0.5 
to 6.5 
V DC 


Input Voltage, All Inputs 
VIN 
-0.5 
to Voo 
+ 0.5 
V DC 


DC Current Drain per Input 
Pin 
I 
10 
mA 


DC Current Drain per Output Pin 
I 
50 
mA 


Output Voltage, Segment Output 
VSOFF 
VSS - 0.5 to Voo 
+0.5 
V DC 


Operating Temperature Range 
TA 
o to 70 
'c 


Storage Temperature Range 
TSTG 
-65 
to 150 
'c 


This 
device contains circuitry 
to 
protect 


the ,"puts against damage due to high static 
vottages or 
electriC fields: 
ho~ver, 
It 
is 
adVised that normal precaullons be taken 
to avoid applicatIon of any voltage higher 
than maximum 
rated voltages to thiS high 


Impedance CirCUit For proper operation 
It 
IS recommended 
that 
V In 
and 
Vout 
be 
constraIned to 
the 
range VSS 
" 
(Vln 
or 
Voutl •.•VDD 
Unused Inputs must always be tied to an 
apprOpriate logIc voltage level (e.g., either 
VSSo, Vool 


Characteristic 
Pin 
Condition 
Symbol 
Min 
M •• 
Unit 


Supply Voltage 
12,24 
Voo 
3.0 
6.0 
V DC 


Supply Current 
100 
- 
1.0 
mA 


Input Voltage High 
15,13 
VIN : 0, lOUT' 
0 
VIH 
0.7 X Voo 
- 
V DC 


Input Voltage Low 
14,11 
Vil 
- 
0.3 X Voo 
V DC 


Input Current 
VIN = 0 to Voo 
IiN 
- 
1 
~A 


Input Voltage High 
10 
VIHS 
Voo 
- 0.5 
- 
V DC 


Input Voltage Low 
VllS 
- 
Voo 
- 2 
V DC 


Input Current 
VIN=OtoVoo 
IINS 
- 
10 
~A 


Output Drive Capability 
9 
VOL = 0.5V 
lol 
200 
- 
~A 


VOH = Voo 
- 0.5V 
IOH 
-200 
- 
~A 


Voltage Drop 
1 to 8 
lOUT = 30mA, Voo 
•• 5V 
Voo 
-VSOH 
- 
1.2 
V DC 


16 to 23 
IOUT= 
lOmA 
Voo 
-VSOH 
- 
0.75 
V DC 


Leakage Current 
VOUT =0 
IOFF 
- 
0.1 
mA 


Power Dissipation 
PMAX 
- 
500 
mW 


{on-ehipl 


Characteristic 
Figure 
Symbol 
Min 
Max 
Unit 


Clock High Time 
2,3 
tCH 
2 
- 
~s 


Clock Low Time 
2,3 
tCl 
2 
- 
~s 


Clock Rise Time 
2,3 
tCR 
- 
2 
~s 


Clock Fall Time 
2,3 
tCF 
- 
2 
~s 


Enable Lead Time 
2,3 
tELead 
200 
- 
ns 


Enable Lag Time 
2,3 
tElag 
200 
- 
ns 


Data Set-up Time 
2,3 
tDSup 
200 
- 
ns 


Data Hold Time 
2,3 
toHold 
1 
- 
~s 


Serial Data Out Delay 
ToOUT 
1 
~s 


Multiplexer 
Lead Time 
4 
tMLead 
- 
10 
~s 


Multlplp.xer Lag Time 
4 
tMLag 
- 
10 
~s 


The 
circuit 
operation 
can be followed 
by reference 
to 
the block 
diagram 
Figure 
1. 


Data 
are fed serially 
into 
the 
circuit 
via the data 
input 
pin 
DIN, 
which 
is controlled 
by 
the 
CLOCK 
and 
chip 
enable, 
EN, pins-this 
latter 
enables 
the 
circuit 
when 
it is 


low 
i.e. at 
logical 
'0'. 
When 
EN goes high, 
to logical 
'1', 


the clock 
idle state 
is stored 
in a latch; 
thus permitting 
the 
use of a positive 
or negative 
going clock. 


Four 
8·bit 
words 
are loaded 
into a 32·bit 
shift 
register, 
made 
up 
of four 
8·bit 
registers, 
when 
EN is low. At the 
next 
rising 
edge 
of 
EN the 
data 
in the 
shift 
register 
are 
loaded 
into 
latches. 
The 
shift 
in the register 
takes 
place on the falling 
edge 
of the 
clock 
when 
the 
clock 
control 
input, 
CLCONTR, 
is 


low, 
logical 
'0'. 
Conversely, 
when 
CLCONTR 
is high, 


logical 
'1', 
the 
shift 
takes 
place 
on the clock's 
rising edge. 
See Figures 
2 and 3. 
Word 
number 
1 is the 
first 
shifted 
and 
number 
4 the 
last. 


The output 
DOUT serves as a cascading 
output. 


Multiplexing 
is controlled 
by the 
SYNC 
input 
whose 
switching 
threshold 
occurs 
just 
before 
the 
LED segments 
are turned on. A current limiting resistor is necessary for 
this 
input 
if the 
control 
signal swings outside 
the limits 
of 
VDD + 0.5V to VSS - 
0.5V. 


The 
relationship 
between 
the 
SYNC 
input 
and 
the 
displayed 
word 
is shown 
in the table 
below: 


Seaments 
SYNC 
Word 
SA1 - 
SA8 
low 
1 
SA1 - SA8 
high 
2 


S61 
- S68 
low 
3 


S61 
- S68 
high 
4 


Because decoding is a function of an external circuit, 
for 
example 
the 
microprocessor 
in a radio 
synthesizer 
application, 
there 
is no decoding 
circuitry 
in this device. 


DOUT 
- 
(pin 9) This is the cascading 
output. 
If desired 
this 
pin can 
be tied 
directly 
to the 
DIN pin 
(pin 
15) of a 
further 
MC144100 
for cascading 
purposes. 


CLOCK 
- 
(pin 
13) This 
is the 
clock 
input 
and 
is able 
to accept 
a clock 
frequency 
of up to 250kHz. 


CLCONTR 
- 
(pin 
14) The state 
of this 
pin determines 
whether 
the data 
are shifted 
on the rising edge, C LCONTR 


= logical 
'1', 
or an the 'falling 
edge, 
CLCONTR 
= logical 


'0', of the clock 
signal. 


when 
low, 
logical 
'0', 
When 
high 
it 
causes 
the 
clock 
idle state, 
at the 
time 
of the 
positive 
going 
transition, 
to 
be stored 
in a latch. 


SYNC 
- 
(pin 
10) 
The 
status 
of this 
input 
determines 


which 
of the 
four 
input 
words 
are displayed. 
See Table 
1. 


If the control 
signal 
applied 
to this pin goes more 
positive 


than 
VDD + 0.5V 
or more 
negative 
than 
VSS - 
0.5V 
an 
external 
current 
limiting 
resistor 
will be necessary. 


OUTPUT 
DRIVERS 
- 
(pins 
1 to 8 & 16 to 23) These 
are 
on·chip 
NPN 
emitter 
followers 
each 
requiring 
an 
external 
current 
limiting 
resistor. 
In the off state 
they 
are 
protected 
against 
voltages 
down 
to VSS - 6V. 
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NOTES: 


1. 
POSITIOIIAL 
TOLERANCE 
OF LEADS (01. 


SHALL 
DE WITHIN 
0.25mmI0.Ol01 
AT 


MAXIMUM 
MATERIAL 
CONDITION. 
IN 


RELATION 
TO SEATING 
PLANE AND 


EACH OTHER. 


2. 
DIMENSION 
L TO CENTER 
OF LEAOS 


WHEN FORMED PARALLEL 


3. 
OIMENSION e DOES I;OT 
INCLUDE 


MOLD 
FLASH. 


4. 709-01 OBSOLETE. NEW STD 709-02. 


MILLIMETERS 
INCHES 


OIM 
MIN 
MAX 
MIN 
MAX 


A 
31.37 
32.13 
1.235 
1.265 


e 
13.72 
14.22 
0.540 
0.560 


C 
3.94 
5.08 
0.155 
0.200 


0 
0.36 
0.56 
0.014 
0.022 


F 
1.02 
1.52 
0.040 
0.060 


G 
2.54 ese 
0.100 ese 


H 
1.65 
2.03 
0.065 I 0.080 


J 
0.20 
0.38 
0.008 
I 0.015 


K 
2.92 
3.43 
0.115 
I 0.135 


L 
15.24 ese 
0.600 ese 


M 
00 
150 
00 
I 
150 


N 
0.51 I 
1.02 
0.020 I 0.040 


Circuit 
diagrams 
utilizing 
Motorola 
products 
are included 
as a means 
01 
illustrating 
typical 
semiconductor 
applications; 
consequently. 


complete 
information 
sufficient 
for 
construction 
purposes 
is not 
necess.arilV given. 
The 
information 
has been 
carefully 
checked 
and 


is 
believed 
to 
be 
entirely 
reliable. 
However, 
no 
responsibilitY 
is 
assumed 
for 
inaccuracies. 
Furthermore, 
such information 
does not 
convey 
to 
the purchaser 
of the semiconductor 
devices 
described 
any 


license under 
the patent 
rights of Motorola 
I nc., or others. 


The 
MC 
144110 
and 
MC 
144111 
are 
hex 
and 
quad 
static, 
D/A 
converters 
realised 
in CMOS 
technology. 
Each 
converter, 
featuring 
6·bit 
resolution, 
consists 
of a 6·bit 
sh if! register, 
6·bit 
latch 
and a 
static 
D/A converter. 


• 4/6 direct 
R·2 R network 
outputs 


• 4/6 
emitter 
follower 
outputs 


• MPU compatible 
input 
levels 


MC144110/1 


CMOS 


auAD & HEX 


D/A CONVERTERS 


MC 144110 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 707-02 


MC 144111 
PLASTIC 
PACKAGE 
CASE 646 
(TO-116) 


DIN 
11 
VDD 
DIN 
1 
14 
VDD 


EF1 
2 
17 
DOOT 
EF1 
2 
13 
DOOT 


RN1 
3 
16 
RN6 
RN1 
3 - 
12 
RN4 
-- 
EF2 
4 
15 
EF6 
EF2 
4 • 11 
EF4 
e 
• 
- 
- 
RN2 
- 
RNS 
RN2 
U 
RN3 
5 • 14 
5 
10 
• 
~ 
EF3 
6 - 
13 
EF5 
EN 
6 
9 
EF3 
U 
RN3 
7 
~ 
12 
RN4 
Vss 
7 
8 
Cl 


EN 
8 
11 
EF4 


Vss 
9 
10 
Cl 


R.ting 
Symbol 
V.lue 
Unit 


DC Supply 
Voltage 
liDO 
+ 18 to -0.5 
Vdc 


Input 
Voltage, 
All Inputs 
Vin 
0.5 to VOO +0.5 
Vdc 


Input Current, All Inputs 
lin 
10 
mAdc 


Operating Temperature Range 
TA 
o to +85 
·C 


Storage Temperature Range 
Tstg 
-65 
to + 150 
·C 


This 
device contains circuitry 
to 
protect 
the inputs against damage due to high static 
voltages or electric 
fields; however. 
it 
is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum 
rated voltages to this high 
impedance circuit. 
For proper operation it 
is recommended 
that 
V in 
and 
Vout 
be 
constrained to 
the 
range VSS:r;;; (Vin 
or 


Voutl" 
VOO' 


Characteristics 
Conditions 
Symbol 
Min 
Typ 
Max 
Unit 


Clock high time 
Voo = 5V 
tCH 
2 
0.2 
~s 


VOO = 10V 
1.5 
~s 


Voo = 15V 


I 


1 
0.1 
~s 


Clock low time 
VOO = 5V 
tCl 
5 
1.5 
~s 


Voo = 10V 
3.5 
~s 


Voo = 15V 
2 
0.5 
~s 


Enable lead time 
VOO = 5V 
tElead 
5 
1.5 
~s 


VOO = 10V 
3.5 
~s 


VOO = 15V 
2 
0.5 
~s 


Enable lag time 
VOO = 5V 
'Elag 
5 
1.5 
~s 


VOO = 10V 
3.5 
~s 


VOO = 15V 
2 
0.5 
~s 


Data Set-up time 
VOO = 5V 
tOsup 
1 
0.1 
~s 


VOO = 10V 
0.75 
~s 


VOO = 15V 
0.5 
0 
~s 


Data Hold time 
VOO = 5V 
tOhold 
5 
1.5 
I ~s 


VOO 


C~ 10V 
3.5 
i ~s 


VOO = 15V 
2 
0.5 
~s 


Clock rise time 
tCrise 
2 
~s 


Clock fall time 
tCfall 
2 
~s 


Characteristic 
Pin' 
Symbol 
Min 
Typ 
Max 
Unit 


DC Supply Voltage 
18 
VOO 
4.5 
15 
V DC 


DC Supply Current 
MC 144110 
1141 
100 
12 
mAOC 


MC 144111 
8 
mA DC 


Input low level 
1 
DIN 
0.8 
V 


High level 
VOO = 5V 
(1) 
3.0 
V 


VOO = 10V 
3.5 
V 


VOO = 15V 
4.0 
V 


Current 
V1N = VOO 
IIN 
1 
~A 


Output 
Sink 
VOL = 0.5V 
17 
IOL 
200 
~A 


Source 
VOH=VOO-O.5V 
(13) 
IOH 
~2oo 
'~A 


D/A 
Characteristics 


Network 
Resistance 
R 
7 
10 
15 
kn ., 


Precision 
3,5,7,12 


Iw.e. at VRN = VOO/2) 
VOO = 5V 
14,16 
VNONL 
20 
100 
mV 


VOO = 10V 
(3,5,10, 
200 
mV 


VOO = 15V 
121 
120 
300 
mV 


Step Size 
-75% 
V DO/54 
+75 % 


MC 144110 


NPN Emitter 
Follower 
Current Gain 


'E=0.1-10mA 
2,4,6, 
hIe 
40 
100 


Emitter 
leakage Current V RN = OV 
11,13 
10 
~A 


VSE at IE = 1mA 
VSE 
0.4 
0.7 
V 


Max Dissipation 
15 


per output 
T Amax = 85°C 
PE 
10 
mW 


all 4 outputs 
PEtot 
25 
mW 


per output 
TAmax 
= 70'C 
PE 
30 
mW 


all 4 outputs 
PEtot 
100 
mW 


MC 144111 


NPN Emitter 
Follower 
Current Gain 
2,4,9, 


IE= 
0.1-10mA 
11 
hIe 
40 
100 


Emitter 
Leakage Current VRN = OV 
10 
"A 


VSE at IE = lmA 
VSE 
0.4 
0.7 
V 


Max Dissipation 


per output 
TAmax = 85°C 
PE 
20 
mW 


all 4 outputs 
PEtot 
50 
mW 
per output 
TAmax = 70°C 
PE 
50 
mW 
all 4 outputs 
PEtot 
150 
mW 


°2 
- - --=:=><__ 
O_N 
_ 


_ O_N_~X~ 
_ 


EFn 
RNn 


rL_1, 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
---~ r-- "oUT 
I 
I 
L__ 
...J 


32 


PROGRAMME 
STEPS 


MilliMETERS 
I~CHES 


111M 
MI. 
MAX 
MI. 
MAX 


A 
22.22 
23.2' 
0.915 
0.915 
I 
6.10 
6.60 
0.240 
0.260 


3.9' 
'.57 
0.155 
0.180 
0 
0.36 
0.56 
0.01. 
0.022 


F 
1.27 
1.78 
0.05 
0.070 


G 
2.5' 
8SC 
0.100 
8SC 


H 
1.02 
1.52 
n.040 
0.060 


j 
0.20 
0.30 I 0.008 
0.012 


K 
2.~2 
3.43 
0.115 
0.135 


7. 
a 8SC 


M 
00 
15° 
00 
15° 
N 
0.51 
1.02 
0.020 
0.040 


NOTES 
1 LEADSWITHlr,O 
13 .••." 
100051 RADIUM 
Of 
PluE 


POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL 
CONDITION 


IOIMGI 


7 
DIMENSION 
l 
TO CENTE 
R 
Of 
LEADSWHENfORMEO 


PARAllEl 


Circuit 
diagrams utilizing 
Motorola 
products are incuded as a means 
of 
illustreting 
typical 
semiconductor 
applications. 
consequently. 


complete 
informetion 
sufficient 
for 
construction 
purposes is not 


nec•••• rily 
giv.n. 
Th. 
information 
has been carefully 
checked and 


IS believed 
to 
be entirely 
reliable. 
However. 
no responsibility 
is 


assumed for 
inaccuracies. Furthermore. 
such information 
does not 
convey to the purchaser of the semiconductor 
devices des.cr.bedany 


license under the patent rights of Motorola 
Inc. or others. 


C::::::G 
~A~Lp 
~F,~- 
J . 
,. 
" SEATlHG 
,K 
J 
HI- -l 
G ~ 
-ll-"D 
PlAHE 
M L 


MllllMEHRS 
INCHES 


DIM 
MIH 
MAX 
MIH 
MAX 


A 
18.16 
1880 
0.115 
0.140 
• 
6.10 
660 
0240 
0260 


C 
'.06 
HI 
0.160 
0.180 


0 
Oll 
0.51 
0.015 
0.020 


f 
1.02 
1.52 
0.040 
0.060 


G 
2.~8Se 
0.100 8Se 


H 
1-]2 
1.8] 
0.052 
0.012 


J 
0.20 
D30 
0001 
0.012 
• 
2.92 
3.43 
0.115 


D '" 
l 
1.37 
111 
0290 
0.]10 


M 
'00 
- 
10' 


N 
D51 
1.02 
0.020 
0040 
• 
0.13 
D,lI 
D.••• 
0015 


0 
0.51 
0.16 
0.020 
OOJD 


MC144115 


2·DIGIT/16·SEGMENT 


LCD DRIVER 
The 
MC144115 
is a CMOS, 
cascadable, 
2-digit/ 
16-segment 
LCO 
driver 
with 
an on-chip 
oscillator. 
Data are clocked 
serially 
into 
and 
out of the circuit. 


• Input 
level translators 


• 
Direct 
drive 
(not multiplexed) 


• 
On-ehip 
oscillator 


• 
Cascadable 


• 
Internal 
16-bit 
latch 


• 
Wide power 
supply 
range, 
3 to 18 V DC 
24~rJf!!fft 


, tilJJ 
1. • 


CP SUFFIX 


PLASTIC 
PACKAGE 
CASE 709 


" 


IT 


Cl 
PUlSE 
SHAPfR 


to 
IT 
" 
D•• 
DOUT 


IT 
,. 


OSC " 


I 
" 
vss 
+8Y2 


•• 
voo 


".P 


This 
devIce 
contains 
CirCUItry 
to 
protect 


the 
InpulS 
against 
ddmage 
due 
to high 
statIc 
voltdges 
or 
electriC 
fields, 
hOll'oever. 
It 
IS 
advised 
thai 
normal 
j..)recJutlons 
be 
taken 


to 
dVOld 
application 
of 
any 
voltage 
higher 


than 
rnd'unlum 
laled 
voltages 
10 thts 
hIgh 


Imped •.•n<.:~ Clr<.:UII 
Fa. 
plOper 
0JJeratlon 
It 


IS 
recommended 
Ihal 
V1n 
dnd 
Valli 
tie 


conSllcllned 
10 
the 
Iclnye 
VSS 
tV,n 
or 


VOllt) 
VOO 


Unll'if"rl 
"'p,.{S 
nluC;1 ,llwIV!t 
he 
~,Pt1 to 
.10 


.tPP'\'P· 
I'., 
IOI}'c..~n'lH;t' 
'f".el 
e q 
p,!hp, 


Vss 
Of Vf)[)1 


Rating 
Symbol 
Value 
Unit 


DC Supply 
VOltage 
Range 
vOO 
18 to -0.5 
Vdc 


Inpul 
Voltdge. 
All 
Inpuls 
V1n 
VOD 
+ 05to 
Vdc 


VSS -0.5 


Input 
Current. 
All 
Pins 
lin 
10 
mAdc 


Operating 
Temper,Jtufe 
A<lngc 
TA 
-40 10 '8~ 
°c 


Storage 
Temj..)el<t!ure 
A""HIe 
1slq 
·6510 
. 1~ 
nC 


voO 
- 40·C 
25·C 
85·C 


Characteristic 
Symbol 
Vdc 
Unit 


Min 
Max 
Min 
Max 
Min 
Max 


Segment 
Output 
Drive 
Current 
(pins 3.4 
.. 10.15.16 
•... 
221 


Source 
VOH; 
4.6Vde 
ioH 
5 
220 
- 
160 
- 
120 
- 
VOH; 
9.5Vde 
10 
525 
- 
370 
- 
280 
- 


VOH; 
13.5Vde 
15 
1900 
- 
1300 
- 
1000 
- 


Sink 
VOL; 
OAVde 
ioL 
5 
330 
- 
240 
- 
190 
- 


VOL; 
0.5Vde 
10 
860 
- 
600 
- 
470 
- 


VOL; 
1.5Vde 
15 
3100 
- 
2100 
- 
1600 
- 


Source 
Current 
pin 
1 


VOH; 
4.6 Vde 
ioH 
5 
690 
- 
500 
- 
390 
- 
pAde 


VOH ; 
9.5Vde 
10 
1620 
- 
1140 
- 
870 
- 


VOH ; 
1.3Vde 
15 
5860 
- 
4000 
- 
3100 
- 


Source 
Current 
pin 
11 


Chip 
VOH; 
4.6Vde 
ioH 
5 
29 
- 
21 
- 
16 
- 


Enabled 
VOH; 
9.5Vde 
10 
70 
- 
38 
- 
~9 
- 


VOH; 
13.5Vde 
15 
250 
- 
175 
- 
135 
- 


VOH; 
OVde 
15 
- 
3100 
- 
2160 
- 
1670 
fAde 


Chip 
disabled 
VOH; 
OVde 
ioH 
5 
6 
- 
4.5 
- 
3.8 
- 
10 
28 
- 
20 
- 
16 
- 


15 
58 
- 
40 
- 
31 
- 


Sink 
Current 
for 
pins 


1 and 
11 
VOL; 
OAV 
ioL 
5 
590 
- 
430 
- 
340 
- 


VOL; 
0.5V 
10 
1570 
- 
1100 
- 
840 
- 
pAde 


VOL; 
1.5V 
15 
5550 
- 
3850 
- 
2900 
- 


Pin 23 
Input 
Current 


(Master 
chip 
only) 
lin 
5 
3.4 
15 
2.6 
11 
2.1 
9 
Sink (Vin ; 
VOO) or 
10 
20 
64 
14 
45 
11 
35 
pAde 


Source 
(Vin 
;;;;:VSS) 
15 
44 
130 
30 
91 
23 
70 


Quiscent 
current 
Iss 
5 
- 
150 
- 
20 
- 
150 


10 
- 
300 
- 
40 
- 
300 
pAde 


15 
- 
600 
- 
80 
- 
600 


Tristate 
Output 


Leakage 
Current 
ITL 
15 
- 
± 1.6 
- 
± 1.6 
- 
± 12 
fAde 


pins 
11, 23 


Input 
Current 
lin 
15 
± 0.3 
Except 
pins 
11 and 23 
- 
- 
± 0.3 
- 
± 1.0 
fAde 


Input 
Capacitance 
Cin 
(Vin - 
01 
- 
- 
- 
- 
7.5 
- 
- 
PF 


Characteristic 
Condition 
Symbol 
Min 
Max 
Unit 


Clock High Time 
VOO = 5V 
tCh 
5 
- 
~s 


VOO·10V 
4 
- 
~s 


VOO = 15V 
2 
- 
~s 


Clock Low 
Time 
VOO = 5V 
tCI 
5 
- 
~s 


voo = 10V 
4 
- 
~s 


voo = 15V 
2 
- 
~s 


Enable Lead Time 
VOO = 5V 
tElead 
2 
- 
~s 


VOO = 10V 
1 
- 
~s 


VOO = 15V 
500 
- 
ns 


Enable Lag Time 
VOO = 5V 
tElag 
500 
- 
ns 


VOO = 10V 
300 
- 
ns 


VOO = 15V 
200 
- 
ns 


Data set-up Time 
VOO = 5V 
tDsup 
500 
- 
ns 


VOO = 10V 
300 
- 
ns 


VOO = 15V 
200 
- 
ns 


Data Hold Time 
VOO - 5V 
tOhold 
, 
2 
- 
~s 


VOO = 10V 
1 
- 
~s 


VOO=15V 
500 
- 
ns 


Clock Rise Time 
10% to 90% 
tCrise 
- 
2 
~s 


Clock Fatl TIme 
of VOO 
tCfall 
- 
2 
~s 


Min. EN High Time, CL = 5OpF· 
5 to 15V 
tEnh 
50 
- 
~s 


D2 ---===X~__D. 
_ 


~--~-- 


The 
circuit 
operation 
can 
be followed 
by referring 
to 
the block 
diagram, 
Figure 
1. 


Data 
are 
entered 
serially 
into 
the 
circuit's 
16-bit 
shift 
register 
via the DIN pin. The data 
transfer 
rate is controlled 
by 
the 
clock 
input, 
CL, either 
positive 
or negative 
clock 
pulses 
may be used, see Figure 
2. 
The CL input 
is enabled 
only 
when 
the 
EN input 
is in 
the 
low state, 
logical 
'0'. On the positive 
going edge of EN 
data 
in the 
shift 
register 
are latched 
and transferred 
to the 
display 
drivers. 
If more 
than 
two 
digits 
are to 
be displayed 
two, 
or 
more, 
circuits 
can be simply 
cascaded, 
as shown 
in Figure 
3. 
Level 
translators 
are 
provided 
on inputs 
CL, DIN and 
EN 
to 
allow 
the 
circuit 
to 
interface 
directly 
with 
a 5V 
powered 
controller, 
regardless 
of the 
circuit's 
own 
power 
supply 
voltage-which 
can lie anywhere 
in the range 
5V to 


15V. 


AC drive 
for the 
LCDs is provided 
by an on-ehip, 
50% 


duty 
cycle 
oscillator 
whose 
frequency 
is determined 
by a 
single external 
capacitor, 
see Figure 4. 


A segment 
output 
is in phase 
with the backplane 
when 
the 
corresponding 
data 
bit 
in 
the 
shift 
register 
is low, 
logical 
'0'. 
The segment 
is in anti-phase 
when 
the corres- 


When 
MC144115s 
are 
cascaded, 
that 
which 
controls 


the 
backplane 
frequency, 
called 
the 
master, 
is the 
last 
circuit 
in the shift register 
chain, 
see Figure 3. 


The 
master's 
BKP output 
is connected 
directly 
to the 
slaves' 
OSC 
inputs. 
The 
slaves' 
oscillator 
circuits 
are 
bypassed 
and 
their 
backplane 
frequency 
is controlled 
by 
the OSC input. 
DOUT 
acts an input/output. 
When 
EN is high it acts as 
an input 
and 
when 
EN is low 
DOUT 
acts 
as an output. 
While 
the 
chip 
is disabled, 
EN at 
logical 
'1', 
an 
internal 
resistive 
pull-up 
pulls the slaves' 
DOUT 
pin high, to logical 


'1 '. 
A falling 
edge 
on 
EN 
latches-in 
the 
logic 
state 
of 
DOUT 
which 
defines 
the 
master /slave 
status 
of each 
IC. 
During 
the 
EN low time 
DOUT 
acts 
as an output; 
the 
internal 
pull-up 
is inactive 
and an output 
buffer 
is enabled 
(standard 
push-pull 
buffer 
in the slave mode, 
open 
drain 
N channel 
buffer 
in the master 
mode). 


It 
is recommended 
that 
in a cascaded 
configuration 
the 
EN input 
is held 
high 
during 
power-up 
to avoid 
any 
chance 
of 
the 
circuit 
whose 
DOUT 
pin 
is grounded 
trying 
to act as a slave and drawing 
current 
through 
its P 
channel 
buffer 
transistor. 
This 
transistor 
is designed 
to 
limit 
the 
short 
circuit 
current 
to 3mA with a 15V supply. 


EN 
(pin 2) 
This 
is the 
chip 
enable 
pin and 
is active 
when 
low, 
logical 
'0'. 
On its positive 
going 
edge 
it causes 
the 
contents 
of the 
shift 
register 
to 
be loaded 
into 
the 
latches 
and 
transferred 
to the 
display 
drivers. 
When 
it is 
high 
it causes 
DOUT 
to act as an input 
and when 
low as 
an output. 


the circuit. 


In a master 
configuration 
the 
pin 
is tied 
to 
ground 
thus 
enabling 
the 
oscillator 
and 
disabling 
the 
push-pull 
data 
output 
buffer. 
In the 
slave 
configuration 
DOUT 
is 


tied 
to 
DIN 
of the 
following 
device, 
the 
oscillator 
is by- 


passed 
and the output 
buffer 
is enabled. 


OSC 
- 
(pin 23) 
This 
pin, 
in the 
master 
role, 
needs 
an 
external 
frequency 
determining 
capacitor 
to 
ground, 
see 
Figure 
3. 
In the 
slave 
role 
the 
oscillator 
circuitry 
is by- 
passed 
and 
the 
pin 
serves 
as the 
input 
for the 
backplane 
frequency. 


81 to 816 
- 
(pins 3 to 
10 and 15 to 22) 
These 
are the 


segment 
output 
drivers. 


C (nF) 


- 


~. 
~ 
- 
~ 
~- 
.\ 
\1\ 


1\ 


15V 
lQV 


t\5V 


\ \ 
-- 


1\ 
- 
- 


,\. 


Typical 
Backplane Frequency 
as a Function of Temperature 


(10nF capacitor) 


Typical 
Backplane Frequency 
as a Function of Capacitor Value 


OSoC) 


NOTES: 


1. 
POSITIONAL 
TOLERAf,CE 
OF LEAOS (Dl. 
SHALL 
DE WITHIN 
0.25mm(0.Dl01 
AT 
MAXIMUM 
MATERIAL 
CONDITION. 
IN 
RELATION 
TO SEATING 
PLANE AND 
EACH OTHER. 


2. 
DIMENSION 
L TO CENTER 
OF LEAOS 
WHEN FORMED PARALLEL 
3. 
DIMENSION 
B DOES r;OT 
INCLUDE 
MOLD 
FLASH. 


4. 709-01 
OBSOLETE. NEW STD 709-02. 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
31.37 
32.13 
1.235 
1.265 


B 
13.72 
14.22 
0.540 
0.550 
C 
3.94 
'5.08 
0.155 
0.200 


0 
0.36 
0.55 
0.014 
0.022 


F 
1.02 
1.52 
0.040 
0.060 


G 
2.54 
Bse 
0.100 
Bse 


H 
1.65 I 
2.03 
0.065 
0.080 
J 
0.20 
I 
0.38 
0.008 
0.015 


K 
2.92 
I 
3.43 
0.115 
.135 


L 
15.24 Bse 
0.600 
sse 


M 
QO 
I 
15° 
00 
150 


N 
0.51 
I 
1.02 
0.020 
0.040 


Circuit 
diagrams utilizing 
Motorola 
products 
are included 
as a means 


of 
illustrating 
typical 
semiconductor 
applications. 
consequently. 


complete 
information 
sufficient 
for 
construction 
purposes 
is not 
necessarily 
given. 
The 
information 
has been carefully 
checked 
and 


is 
believed 
to 
be entirely 
reliable. 
However, 
no 
responsibilitY 
is 
assumed for 
inaccuracies. 
Furthermore, 
such information 
does not 


convey 
to the purchaser of the semiconductor 
devices descriQed any 


license under the patent 
rights of Motorola 
Inc., or others. 


The MCM2801 is a 256-bit serial Electrically Erasable PROM designed 
for handling small amounts of data In applications 
requiring both non- 


volatile memory and in-system Information 
updates. 


The MCM2801 saves time and money because of the in-system erase 


and reprogram capability. 
It has external control of timing functions and 


serial format 
for data and address. 
The MCM2801 
is fabricated 
,n 
floating gate technology 
for high reliability and produclbllity. 


• 
Single + 5 V Power Supply 


• 
Organized as 16 Words of 16 Bits 


• 
Fully TTL Compatible 


• 
Single + 25 V Power Supply for Erase and Program 


• 
In-System 
Program/Erase 
Capability 


MCM2801 
(SMA2001 
) 


16x 16 BIT 


ELECTRICALLY 
ERASABLE 
PROM 


_r~-- 
,.U' 
I 
!; 


,. 
CERDIP 
PACKAGE 


CASE 
632·00 


PLASTIC 
PACKAGE 
ALSO 
AVAILABLE 
- 


CASE 64lHl5 


PIN ASSIGNMENT 


Vpp 1. 
14 
VCC 


'T2 
13 
CTRI 


N/C 
12 
CTR2 


'BE 
4 
11 
CTR3 


'Tl 
10 
PVC 
S 
6 
9 
C 


VSS 
B 
ADO 


ADO. 


C. 
PVC 
CTR1, 2, 3.. 
BES. 
n, T2 .. 


PIN NAMES 


. .Multiplexed 
Addressl 


Data·lnl Data-Out 


Clock 


.. Program Voltage 
Control 


.... 
Control 


Block 
Erase 


. .. Chip Select 


.. Test Pms 


ThiS device contains Circuitry 
to protect 
the 
inputs 
against 
damage 
due 
to 
high 
static 


voltages or electric fields; however, 
it is ad· 


vised that 
normal 
precautions 
be taken 
to 


avoid application of any VOltage higher than 
maximum 
rated 
voltages 
to 
thiS 
high· 


impedance 
Circuit. 


Pin Number 


Mode 
1 
6 
7 
11 
12 
13 
14 
Vpp 
S 
V"" 
CTR3 
CTR2 
CTR1 
VCC 


Standby 
VSS or VCC 
VIH 
VSS 
VIH 
VIH 
V,H 
VCC 
Word 
Erase 
Vpp 
VIL 
VSS 
VIH 
VIL 
VIL 
VCC 
VJnte 
Vpp 
V,L 
VSS 
V,L 
V,H 
V,L 
VCC 
Serial Data Out 
VSS or VCC 
V,L 
VSS 
VIH 
V,H 
VIL 
VCC 
Serial Address In 
VSS or VCC 
VIL 
VSS 
VIL 
VIL 
VIH 
VCC 


Senal Data In 
VSS or VCC 
VIL 
VSS 
VIH 
VIL 
V,H 
VCC 


Read 
VSS or VCC 
VIL 
VSS 
VIL 
VIH 
VIH 
VCC 
Standby 
VSS or VCC 
VIH 
VSS 
V,L 
V,L 
VIL 
VCC 


Rating 
Value 
Unit 


Temperature 
Under Bias 
-4010 
+85 
°C 
Operating Temperature 
Range 
o 10 + 70 
°C 


Storage Temperature 
-5510 
+ 150 
°C 
All Input or Output Voltages with 
Respect 10 VSS 
+8 to -05 
Vdc 
Vpp Supply Voltage with Respect to VSS 
+30 10 -05 
Vdc 


NOTE 1: Permanent device damage may occur If ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should 
be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure 10 higher than recommended vOltages for ex- 


tended periods of time could affect device reliability 


Parameter 
Symbol 
Min 
Nom 
Max 
Unit 


Supply 
Voltage 
VCC 
45 
50 
55 
Vdc 
Vpp 
240 
250 
260 


Input High Voltage 
V,H 
40 
- 
VCC+ 
1.0 
Vdc 


Input Low Voltage 
V,L 
-01 
- 
08 
Vdc 


Characteristic 
Condition 
Symbol 
Min 
Typ 
Max 
Units 


Input Sink Current 
O<Vm<VCC 
I,n 
- 
10 
.A 


VCC Supply Current 
S=VIL 
ICC 
- 
30 
mA 


Vpp Supply Current 
Vpp~ 
26 0 V 
Ipp 
- 
- 
40 
mA 


Output 
Low Voltage 
IOL ~ 10 mA 
VOL 
- 
- 
05 
V 


Output 
High Voltage 
IOH- 
-0 
1 mA 
VOH 
24 
- 
V 


Input Capacitance 
(Vln = 0 VI 


Output 
Capacitance 
(Vout = 0 VI 


Motorola 
reserves 
the nghtlO 
make changes 
to any producls 
herein 
10 Irnprove rellab,lrlY 
functron or df'suJn MOlOrola does nO! assume any Irabrlrtyarl<;lnc~ 


lout 
of the applicatIon 
or use of any product 
or CirCUli descnbed 
herein. 
nelthe' 
does It convey any Ilo'nSf> und"!'r liS palen! 
rrghlS nor lhe rlghls of oth •..,:. 


AC OPERATING CONDITIONS 
AND CHARACTERISTICS 


(Full operating voltage and temperature 
rapge unless otherwise 
noted.l 


...0.8 Volt and 4.0 Volts 
Input and Output Timing Levels 
0.8 Volts and 4 0 Volts 


... 1Ons 
Output 
Load... 
. 
See Figure 2 


Characteristic 
Symbol 
Min 
Max 
Unit 


Clock 
High 
Level Hold Time 
tCHCL 
4 
10 
~s 


Clock Low Level Hold Time 
tCLCH 
4 
- 
~s 


Clock Rise Time 
tCr 
5 
1000 
ns 


Clock 
Fall Time 
tCI 
5 
1000 
ns 


Chip Select 
Lead Time 
tSLCH 
1 
- 
~s 


Chip Select Lag Time 
'CLSH 
1 
- 
~s 


Erase Time 
'ERASE 
100 
- 
ms 


Write 
Time 
tWRITE 
10 
- 
ms 


Data Out Delay 
'CHOV 
0 
30 
~s 


Address In Setup 
tAVCL 
2 
- 
~s 


Data In Setup 
tDVCL 
2 
- 
~s 


Control Setup Lead 
'C'rVCH 
2 
- 
uS 


Control Setup Lag 
'CLCtrV 
50 
- 
ns 


Data-Off 
Time 
Ifrom 
the Clock) 
'CHOZ 
0 
3.0 
~s 


Chip Select Low to Output Active Time 
tSLOX 
0 
3.0 
~ 


Data-Off 
Time (from ChIp Select) 
tSHOZ 
0 
30 
p.S 


tSLOX 


o Data Out 
_ 
-HI-Z- 


CTR1, 


CTR2, 
Seflal Data Out 116 Clocksl 
CTR3 


FUNCTIONAL 
DESCRIPTION 


The 
memory 
stores 
sixteen 
words 
each of sIxteen 
bits 
All 


functions 
are controlled 
bv a 3-blt 
parallel 
instruction 
bus and 


an applied 
clock 


Read-Out 


liThe 
(3-blt 
parallell 
serial 
address 
InstructIOn 
code 
IS 


presented 
while 
tt"',e4-blt 
serial address 
IS shifted 
In on 


the 
I' 0 
bus 
through 
the 
ADO 
pin 


21 
The 
READ 
Instruction 
IS presented' 
for 
one 
clock 
time 


ThtS 
reads 
the 
word 
from 
the 
new 
address 
In 
the 


memory 
array and 
parallel 
loads 
It Into 
the shift 
register. 


31 
The 
SERIAL 
DATA-OUT 
Instruction 
IS presented 
for 


16-clock 
pulses, 
causing 
the 
data 
to be 
shifted 
out 
on 


the 
1/0 
bus 
through 
the 
ADO 
pin 
DUring 
the 
serial 


data-out 
instructIon, 
data 
IS recirculated 
to allow 
further 


read out 
of 
the 
onglnal 
data 
without 
access 
to 
the 


memory 
array 


Writing 


11 
The address 
1$ changed. 
If necessary. 
In 
the same 
man- 


ner as In the readout 


21 
Data 
IS serlallv 
loaded 
onto 
the 
chip 
bV presenting 
the 


SERIAL 
DAT A-IN 
instruction 
for 
16-clock 
pulses 


31 
The 
WORD 
ERASE 
instruction 
IS presented 
for 
the 


speCified 
Erase 
Time 
ThiS 
erases 
onlv 
the 
addressed 
word 


41 
The 
WRITE 
Instruction 
IS presented 
for 
the 
spect!,ed 


Write 
Time 
ThiS 
transfers 
the 
data 
to 
the 
selected 
ad- 


dress 
In the 
MCM2801 


Standbv 


The 
STANDBY 
INSTRUCTION 
when 
strobed 
In bv 
the 


clock 
puts 
the memory 
In a yUI8scent 
state where 
the output 


IS In the 
high-Impedance 
state, 
and 
the 
clock 
presence 
or 


absence 
Will 
not 
affect 
the 
chip 


Clock 


The active 
high clock 
signal 
IS used for loadIng 
Instruction 


codes. 
for 
Introducing 
senal 
addresses 
and 
data, 
and 
for 


shIfting 
senal 
data 
out 
The 
clock 
has no Influence 
on any 
other 
function 


Data 
Protection 


When 
Vpp 
IS turned 
off, 
data 
stored 
In the arrav 
IS alwavs 


protected. 
A Vpp 
control 
output 
IS provided 
for 
sWitching 


the 
Vpp 
supplv. 
It consists 
of 
a pull-down 
deVice 
to VSS. 


ThiS 
deVice 
IS turned 
on 
onlv 
when: 
V CC 
IS present 
and 
a 
WRITE 
or WORD 
ERASE 
code 
has been 
loaded 
With 
a clock 


pulse 
A schematiC 
for 
thiS 
external 
Vpp 
control 
IS proposed 
m 


Figure 
1. 


When 
thiS 
feature 
IS not 
used 
for 
data 
protection, 
Vpp 


must 
not 
be 
present 
If VCC 
is 
not 
supplied. 
The 
TEST1, 


TEST2, 
and 
BLOCK 
ERASE 
pinS 
are 
proVided 
for 
testing 


purpose 
on1v 
and 
should 
be 
hard-Wired 
to 
VSS 
In anv 
ap- 


plication, 


Power 
Up/Power 
Down 
Sequence 


Usmg 
an 
external 
Vpp 
control 
as given 
In Figure 
1, Vpp 


and 
V CC mav 
be turned 
on 
or off 
m anv 
sequence, 
Without 
disturbing 
data 
m the 
non-volatile 
memorv 
arrav, 
providing 


that 
neither 
a WORD 
ERASE 
nor 
a WRITE 
IS present 
on 
the 


control 
Inputs, 
or that S= low, 
or that 
C = high. 


Instruction 
Sequences 


The 
Clock 
Signal 
has 
no 
effect 
dUring 
WRITE 
or 
ERASE. 
READ 
should 
be presented 
for 
one 
clock 
cvcle 
onlV 
Since 


frequent 
unnecessary 
use may 
disturb 
data. 


WRITE 
Ifor 
anV addressl 
must 
be preceded 
bV the 
WORD 


ERASE 
mstructlon 
at the 
same 
address. 


All mstructlons 
except 
SERIAL 
DAT A-OUT 
cause 
the data 


output 
dtlver 
to be high 
Impedance. 


Vpp 
IS necessarv 
(or 
WRITE, 
WORD 
ERASE 
and 
,n con- 


Junction 
With 
the 
BLOCK 
ERASE 
pin. 
In all other 
cases, 
it 


can 
be switched 
10 high 
impedance, 
VCC 
or VSS. 


BLOCK 
ERASE 
can 
be 
used 
for 
testmg 
purposes. 
For 


cleating 
the 
whole 
arrav, 
Vpp 
should 
be applied 
and 
BE pm 


kept 
at VCC 
for 
the 
normal 
erase 
time. 


When 
the chip 
IS deselected 
IS= 11, the output 
buffer 
IS In 


the 
OFF 
state. 


The 
TEST1 
and 
TEST2 
pins 
are for 
manufactutlng 
use on- 


Iv and 
are 
not 
available 
to the 
user. 


Q, 
8~ 


B 
P 


1 
'~ 
--U-DJ 
F 


MilliMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
19.05 
19.9' 
0.750 
0.785 


8 
610 
7.49 
02'0 
0.295 


C 
- 
5.08 
- 
0.200 


0 
038 
0.58 
0015 
0.023 


F 
1.40 
1.77 
0.055 
0.070 


G 
2.5' 8SC 
01008SC 


H 
1.91 
I 
2.29 
0.075 
0090 
J 
0.20 
I 
0.38 
0.008 
0015 


K 
318 
I 
508 
0125 
0.200 


l 
762 BSC 
0300 BSC 
M 
- 
115° 
- 
15' 


N 
0.51 
I 
1.02 
0020 
00'0 


NOTES, 


1. ALL 
RULES 
AND 
NOTES 
ASSOCIATED 


WITH 
MO 001 
AA 
OUTLINE 
SHALL 
APPLY 


2. 
DIMENSION 
"L" 
TO CENTER 
OF 
LEAQS 


WHEN 
FORMED 
PARALLEL 
3. DIMENSION ··A" AND ··B··'632·061 00 


NOT 
INCLUDE 
GLASS 
RUN·OUT 


4. LEADS WITHIN 
0.25 mm (0010) 
CIA 


OF TRUE 
POSITION 
AT SEATING 
PLANE 


AND MAXIMUM 
MATERIAL 
CONDITION 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 
A 
18.16 
19.56 
0.715 
0770 


8 
6.10 
6.60 
0.240 
0.260 
C 
4.06 
5.08 
0.160 
0.200 
0 
0.38 
0.53 
0.015 
0.021 


F 
1.02 
1.78 
0040 
0.070 
G 
2.54 SSC 
0.10 
SSC 


H 
1.32 
I 
2.41 
0.052 
0.095 
J 
0.20 
I 0.38 
0.008 
0.015 


K 
2.92 
I 343 
0.1 " 
0.135 


L 
7.62 SSC 
0.300 
SSC 


M 
0° 
I 
100 
0° 
10° 
N 
0.51 
I 
1.02 
0.020 
0.040 


NOTES: 


1. LEADS 
WITHIN 
0.13 mm 


10.0051 RADIUS 
OF TRUE 
POSITION 
AT SEATING 
PLANE 
AT MAXIMUM 
MATERIAL 
CONDITION. 


2. DIMENSION 
"L" 
TO 


CENTER 
OF LEADS 


WHEN 
FORMED 


PARALLEL. 


3. DIMENSION 
"S" 
ODES NOT 


INCLUDE 
MOLD 
FLASH. 
•. 
ROUNDED 
CORNERS 
OPTIONAL. 


The MCM6224 
is a 1K-bit serial Electrically 
Erasable 
PROM designed 
for 
applications 
requiring 
both 
non-volatile 
memory 
and 
in-system 


information 
updates. 
In digital 
tuning 
systems, 
it provides 
storage 
for 
up 
to 
32 
channels. 
It has external 
control 
of timing 
functions 


and serial format 
for data 
and address. 


o 5V and 25V supply 
~or Erase and Program 


o In-System 
Program/Erase 
Capability 


o 0-100kHz 
clock 
rate 


MCM2802 


MOS 


32 X 32 BIT 


ELECTRICALLY 
ERASABLE 
PROM 


_J~ 
,. 
~·,~~U)U~ 


, 
L SUFFIX 


CERAMIC 
PACKAGE 


P SUFFIX 
CASE 632.06 


PLASTIC PACKAGE 
ALSO AVAILABLE 


CASE 646.05 


VPC 
voo 
n· 
0" 
iiE 


V'P 
"DIM 


C, 
C, 


Cl 
C2 


vss 
C3 


VPC. 
. .... 
Program Voltage Control 
ADO. 
Address 
Input 
+ Data 
Input/Output 


Tl, 
T2 
. 
. Margin Testing 
Cl. C2. C3. C4 
. Chip Address 1 to 4 
CL 
. . 
. Clock 


RE 
Reset 
AD/OA. 
Shift 
Register 
select 


This device contains circuitry 
to protect the 
inputs 
against 
damage 
due 
to 
high 
static 
voltages 
or 
electric 
fields; 
however, 
it 
is 
advised 
that 
normal 
precautions 
be taken 
to 
avoid application 
of any voltage higher than 


maximum 
rated 
voltages 
to 
this 
high 


impedance circuit. 


Rating 
Symbol 
Min 
Max 
Unit 


DC Supply 
Voltage 
VDD 
-0,5 
8 
Vdc 


Programming Voltage 
Vpp 
-0.5 
28 
Vdc 


Input Voltage 
VIN 
-0.5 
8 
Vdc 


VP Control Output 
VpC 
-0.5 
28 
Vdc 


Operating Temperature Range 
TA 
-40 
85 
·C 


Storage Temperature 
Range 
TSTC 
-55 
150 
·C 


NOTE 
- 
Permanent device damage may occur if ABSOLUTE 
MAX IMUM 
RATINGS 
are exceeded. 
Functional 
operation 
should be restricted 
to 
RECOMMENDED 
OPERATING 
CONDITIONS. 
Exposure 
to higher 
than 
recommended voltages for extended periods of time could affect device 
reliabilitY . 


Pin 
Symbol 
Parameter 
Fig No 
Min 
Max 


tER 
Erase time 
lOOms 


tWR 
Write time 
lOms 


Cl 
FCl 
Clock Frequency FCL = 1/T CL 
2 
100kHz 


Cl 
tClH 
Clock High Level Hold Time 
2 
4us 


Cl 
tCll 
Clock Low Level Hold Time 
2 
4us 


Cl 
tClRF 
Clock Fall Time and Rise Time 
2 
1 US 


AD/DA 
tAD/DA 
Register Control to Clock 


Delay Time except for 
tREAD 
2 
1IJs 


tREAD 
After READ opcode only 
3 
5 US 
100 US 


I/O 
tDSUP 
Data In Set·Up 
2,3 
2 US 


tDH 
Data In Hold 
2,3 
O.1J,Js 


I/O 
tDOUTS 
Data Out Serial Delay 
3 
50 ns 
1 US 


tDOUTP 
Data Out Parallel Delay 
3 
50 ns 
3 uS 


TA=O 
... 
70°C 


VDD = 5V ± 10 % 


VP = 25V 
± 1V continuously, 
or switched 
to 
open 
circuit. 


Minimum 
retention 
time 
is one year under worst case 
conditions. 
Minimum 
number 
of times 
a complete 
32 bit 
word 
may 
be accessed 
without 
loss 
of stored 
data 
after 
104 erase/write 
cycles 
is 106 cycles 
per word. 


Pin 
Characteristic. 
Condition 
Symbol 
Min 
Max 
Unit 


Vpp 
Supply Current 
Ipp 
5 
mA 


VDD 
Supply Current 
IDD 
30 
mA 


I/O 
Tristate 
Inputl 
VOH = 2.4V 
10H 
-0.1 
mA 


Output 
VOL = 0.5V 
10L 
1.6 
mA 


Tristate 
'IN 
10 
~A 


All Inputs 
Input 
Leakage 
'IN 
1 
~A 
Except 1/0 


VpC 
VP Control 
VaN = IV 
ION 
0.7 
mA 


Pull down device 
OFF state 
VMAX 
'I PP 


VOFF = VP 
10FF 
5 
~A 


All Inputs 
Input 
Low Voltage 
V1L 
0.8 
V 


Input 
High Voltage 
VIH 
2.4 
V 


~ 
---e:ciJ 


ERASE 
CODE 
IN 
II 


STBY 
l 


(fORCED) 


I~ 


~COO£O) 


The circuit 
accepts 
12 bits of Address/Op 
code 
and 32 bits 
of data 
in two different 
shift 
registers. 
(see figure 
1 : Block 
diagram) 


Address/Op 
code format 
(figure 
1) 


The 
four 
shifted 
bits 
C1 
to 
C4 are 
used 
as chip 
select 
word 
in multichip 
systems. 
The chip address 
is defined 
by 
hardwiring 
the 
C1 to 
C4 pins. 
These 
bits are part 
of the 
address, 
so that 
no software 
modification 
is required 
in a 
program 
designed 
for a multi·1 
K memory 
application. 


deSIgned 
tor a multi·1 K memory 
application. 


The 
five 
following 
A 1 to AS bits select 
one 
of the word 
addresses. 
The 
last 
3 bits 01 to 03 control 
the 
operating 
modes. 


Function 
01 
02 
03 


Read 
0 
0 
0 


Word Erase 
0 
1 
0 


Block Erase 
1 
1 
0 


Write 
1 
0 
0 


Standby 
X 
X 
1 


Read operation 
(figure 4) 


1) 
The 
ADDRESS/OP 
CODE 
is 
loaded. 
The 
address 
selecting 
the word 
to be read 
and the 
op code 
bits being 
the 
READ code. 


2) 
The 
AD/DA 
is 
switched 
to 
the 
data 
mode, 
thus 
initiating 
the 
parallel 
transfer 
from 
the 
core 
to the 
shift 
register. 
First bit of data 
is present 
at the output. 


3) 
As soon 
as the 
first 
of the 
32 data 
out clock 
pulses 
is 
applied, 
the 
parallel 
transfer 
is 
stopped 
and 
data 
is 
shifted 
at 
the 
output. 
Data 
is recirculated 
in the 
data 


register. 


4) 
At the end of the 
READ operation 
it is recommended 
to load op code 
STANDBY 
and to return 
input 
AD/DA 
to 
the low state. 


The 
output 
buffer 
is turned 
on, 
only 
when 
READ 
is 
internally 
decoded 
and 
AD/DA 
is low. 
Otherwise 
it 
is 
in the high impedance 
state. 


Addresses 
and data 
are clocked 
in and out with the falling 
edge of clock. 


Writing 
(figure 
5) 


1) 
ADDRESS/OP 
CODE 
is shifted 
in, the 
op code 
being 
either 
BLOCK 
ERASE 
or WORD 
ERASE. 


2) 
Switching 
the AD/DA 
line low for t = tERASE' 
erases 
the 
selected 
word. 
During 
this period 
of time, 
a data 
word 
can be shifted 
in to the data 
register. 


3) 
Then 
the 
WRITE 
code 
and the same address 
is loaded 
to the address 
register. 


4) 
The 
AD/DA 
line 
is switched 
low 
again 
for 
a t = 


tWRITE' 


5) 
At the end of the WRITE 
operation 
it is recommended 
to load op code STANDBY 
and to return 
input 
AD/DA 
to 
the low state. 


Erase 


Both 
BLOCK 
ERASE 
and 
WORD 
ERASE 
are 
provided 
and are controlled 
by the op code. 
V PP has to be appl ied 
for 
BLOCK 
ERASE, 
WORD 
ERASE 
and for WRITE. 
For 
all 
other 
conditions 
it 
can 
be 
switched 
off 
to 
high 
impedance 
or VDD or VSS' 


Standby 


When 
AD/DA 
is high, 
the 
instruction 
decoder 
is disabled 
and 
hence 
STANDBY 
is forced. 
Shifting 
in the 
op code 
STANDBY 
into 
the 
register 
ADDRESS/OP 
CODE, 
STANDBY 
will 
be 
recognized 
independent 
of the 
state 
of AD/DA. 


The 
active 
high 
clock 
is only 
used 
for 
shifting 
data 
and 
addresses. 
This shift occurs 
on the clock 
falling edge. 


The 
ADDRESS/DATA 
line can 
be used as a chip select 
in 
a 
system 
having 
other 
serial 
I/O 
devices. 
DATA 
and 
CLOCK 
lines 
being 
shared 
the 
non·volatile 
memory 
is 
only 
activated 
when 
the 
AD/DA 
line 
is low. 
Shifting 
information 
to the data 
register 
has no effect 
to the core 
while 
the chip is deselected. 


In 
a multi-memory 
arrangement, 
all 
the 
lines 
including 
ADDRESS/DATA, 
CLOCK 
and 
DATA, 
are shared, 
with 
the exception 
of C1 to C4 which 
are hardwired 
to V DO or 
VSS' 
thus 
defining 
the 
circuit 
address. 
All 
Vp 
control 
outputs 
of 
the 
memory 
circuits 
can 
be 
combined 
in a 
wired 
OR configuration. 


Data protection 


When 
Vpp 
is turned 
off, data 
stored 
in the array 
is always 
protected. 
A Vpp control 
output 
is provided 
for switching 
the Vpp 
supply. 
It consists 
of a pull down 
device 
to VSS' 


This 
device 
is turned 
on 
only 
when: 
VDD 
is present, 
a 
WR ITE 
or 
E RASE 
code 
has 
been 
loaded 
in the 
address 
register 
and AD/DA 
is low. 


Schematics 
for this external 
Vpp control 
are proposed 
in 
figure 
6. 


Vpp 
and 
VDD 
may 
be turned 
on or off in any sequence 
without 
disturbing 
data 
in the 
NVM array. 
During 
power- 
up, 
the 
op 
code 
is 
preset 
to 
the 
standby 
mode. 
The 
RESET 
input 
can be connected 
to the system 
RESET. 


CL 
ADO 
IJIDllii 


YPP 
YPP 
YDD 
YSS 
lOkA 
I 


YPC 
47kA 


YPC 


ZSY 
~ 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
N 
.. 
• 
. 
. 
. 
~ 
v 
v 
~ 
:E 
:E 


The MCM 144102 is a 16-bit/16-word 
CMOS static RAM designed 
for 
consumer applications 
in conjunction 
with dedicated or MPU 
based systems. The chip consists of three control 
lines, one I/O pin, 


one chip enable pin and a single clock input. 


• Extremely low power consumption in the standby mode 


• Directly expandable to 32 words 


• Functionally compatible with the SMA 2001 non-volatile memory 


• Clock frequency: 
0 to 100kHz 


CMOS 


TUNING 
MEMORY 
SYSTEM 
MEMORY 
CIRCUIT 


This 
device contains circuitry 
to 
protect 
the inputs against damage due to high static 
voltages or electric 
fields; however. 
it 
is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum 
rated voltages to this high 
impedance circuit. 
For proper operation 
it 


is recommended 
that 
Vin 
and 
Vout 
be 
constrained to 
the 
range VSS" 
(Vin 
or 
Vout) <; VOO· 


Rating 
Symbol 
Value 
Unit 


OC Supply Voilage Range 
VOO 
7 to--0.5 
Vdc 


Input Voltage, All Inputs 
Vin 
VOO +0.5 to 
Vdc 


-0.5 


DC Current Drain per Pin 
I 
10 
mAdc 


Operating Temperature Range 
TA 
o to +70 
·c 


Storage Temperature Range 
Tstg 
-65to 
+150 
·c 


VDO 
-40'C 
25'C 
+70'C 
Characteristic 
Symbol 
Vdc 
Unit 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 


Output Voltage 
"0" 
Level 
Vol 
5V 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin = VDD or 0 


Vin = 0 or VDD 
"'" 
Level 
VoH 
5V 
4.95 
- 
4.95 
5 
- 
4.95 
- 
Vdc 


Input Voltage 
"0" 
Level 
ViL 
Vdc 


(VO = 4V or 0.5VI 
4.5V 
- 
1.35V 
- 
- 
1.35V 
- 
1.35V 


(VO = 4.5V or 0.5V) 
5.0V 
- 
1.5V 
- 
- 
1.5V 
- 
1.5V 


(VO = 6.0V or 0.5VI 
6.5V 
- 
1.95V 
- 
- 
1.95V 
1.95V 


"'" 
Level 
VIH 
Vdc 


(VO = 0.5V or 4V) 
4.5V 
3.5 
- 
3.5 
- 
- 
3.15 
- 


(VO = 0.5V or 4.5VI 
5.0V 
3.50 
- 
3.50 
- 
- 
3.50 
- 


(VO = O.5V or 6V 
6.5V 
4.55 
- 
4.55 
- 
- 
4.55 
- 


Input Current (all inputsl 


Low 
VIN =OV 
ilL 
6.5V 
- 
- 
1 
- 
- 
-1 
- 
- 
1 
uAdc 


High 
IIH. 
6.5V 
- 
1 
- 
- 
1 
- 
1 
JJAdc 


Output Current. 
Source 
10H 


(Data I/O) 


VOH = VOO - 0.8V 
- 
-2 
- 
-1.4 
- 
- 
-1 
- 
mAde 


VOL = 0.8V 
Sink 
tOL 
- 
2 
- 
1.4 
- 
- 
1 
- 
mAde 


Tri-state output 


(Data I/O Leakage Current) 


VOT= 
VOO 
ITH 
- 
- 
1 
- 
- 
1 
- 
1 
uAdc 


VOT= 
OV 
ITL 
- 
- 
-1 
- 
- 
-1 
- 
-1 
uAdc 


Ouiescent Current 


Operating 
IDOOP 
5V 
- 
50 
- 
- 
50 
- 
350 
uAdc 


Standby 
IDOSTS 
1.2V 
- 
10 
- 
- 
s 10 
- 
80 
uAdc 


Parameter 
Pin 
Symbol 
Min 
Typ 
Max 
Unit 


Clock 
Frequency 
(tCl = 1/'Cl) 
311 
tCl 
100 
kHz 


Clock 
Hold 
Time 
High 
'ClH 
4 
20 
", 


low 
'Cll 
4 
", 


Clock 
Rise ~nd 
Fall Time 
'ClF 
", 


Write 
Time 
(per word) 
'WRITE 
1 clock 
cycle 


Read 
Time 
(per word) 
'READ 
1 clock 
cycle 


Data 
Out 
Delay 
83) 
'12) 
50n 
3 
", 


Data 
In Set 
Up Time 
'2 
", 


Instruction 
Set up 
Lead 
411 ,5,6 
'3 
2 
", 


lag 
'4 
50 
n, 


I 
The 
maximum 
pin capacitance 
is 10pF 
to VSS for: 
C1• C2• C3 and clock 


:1 
t1 applies 
only 
during 
data 
transition 
as the data 
format 
is NRZ 


3 
The output 
external 
loading 
capacitance 
wftf be 10pF 
(rrax) 


READ 
- 
The memory 
can store 
up 16, 16·bit words, 
with 
all 
functions 
controlled 
by 
a 3·bit 
parallel 
instruction 
bus and an applied 
clock, 
which 
may be free running. 


A 
READ 
instruction, 
presented 
for 
one 
clock 
period 
moves 
data 
from 
memory 
and 
parallel 
loads 
it in to the 
shift 
register. 


A 
SERIAL 
DATA 
OUT 
instruction, 
presented 
for 
16 
clock 
pulses, 
causes 
the data 
to be moved 
out of the chip 
on 
the 
I/O bus. 
During 
this 
time 
the 
data 
are internally 
recirculated 
to allow 
further 
read 
out 
without 
accessing 
the memory 
array. 


WRITE 
- 
This 
is 
basically 
the 
inverse 
of 
READ. 
The 
address 
can be changed 
and data 
serially 
loaded 
in to the 
chip 
over 
16 
clock 
cycles. 
The 
WR ITE 
instruction, 


presented 
for 
one 
clock 
period, 
shifts 
the data 
in to the 
selected 
address 
in the memory 
array. 


CLOCK 
- 
This 
is active 
high. 
In all modes, 
other 
than 
WRITE, 
the 
memory 
array 
remains 
undisturbed 
by the 
presence, 
or absence, 
of signals on the clock 
line. 


POWER 
FAIL/CHIP 
ENABLE 
- 
Only 
when 
this 
dual 
purpose 
pin 
is 
high, = 1, 
is 
the 
chip 
selected. 
At 
all 
other 
times, 
including 
low power 
conditions, 
the memory 
is 
disabled 
thus 
avoiding 
erroneous 
data 
transfer 
and 
excessive 
drain 
on the ~tandby 
batte~y 
due to intermediate 
levels on the inputs. 


STANDBY 
- 
When this instruction 
is received 
the memory 
goes 
in to a quiescent 
state, 
when 
only 
a 1.2V 
battery 
is 
necessary 
to 
supply 
the 
device's 
modest 
power 
requiremen~s. 


INSTRUCTION 
SEQUENCES 
- 
The 
READ 
and WRITE 
instructions 
need 
to be presented 
for one clock 
cycle only. 
All 
instructions, 
except 
SERIAL 
DATA 
OUT, 
force 
the 
output 
data driver 
to a high impedance 
state. 


MIN 
MAX 


1 
1 
1 
Standby 
0 
100kHz 


0 
O. 
1 
No operation 


0 
1 
'0 
Write 
0 
100kHz 


0 
1 
1 
Serial 
Data 
Out 
0 
100kHz 


0 
0 
0 
No Operation 


1 
0 
0 
Serial 
Address 
In 
0 
100kHz 


1 
0 
1 
Serial 
Data 
In 
0 
100kHz 


1 
1 
0 
Read 
0 
100kHz 


1 = high 
0= 
low 


FIGURE 2a - TIMING 
DIAGRAM 
(GENERAU 
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INCHES 
MILLIMETERS 


DIM 
MI' 
MAX 
MI' 
MAX 
A 
370 
390 
939 
990 


B 
140 
150 
609 
635 


C 
13\ 
11\ 
343 
J94 


D 
01\ 
019 
381 
483 


E 
- 
045 
- 
114 


F 
0100 
'" 
G 
030 
060 
161 
151 


H 
020 NOM 
508 NOM 
J 
030 
040' 
761 
102R 
K 
115 
135 
292 
343 


L 
10 
TVP 
1 
TVP 


M 
0" 
10" 
0" 
10' 
• 
008 
.011 
103 
119 


p 
190 
310 
131 
181 
m 
E 


NOTES: 


1. DIMENSION 
"P"I$ 
TO lEAD 
CENTERLINE 
WHEN 
FORMED 
PARAllEL 
2. FOUR (4)lNSULATlNG 
STANDOFFS 
ARE 


PROVIDED 


Circuit 
diagrams 
utilizing 
Motorola 
products 
are incuded 
as it means 
of 
illustrating 
typical 
semiconductor 
applications, 
conseQuently, 


complete 
information 
sufficient 
for 
construction 
purposes 
is not 


necessarily 
given. 
The 
information 
has be.n carefully 
checked 
and 


,s 
believed 
to 
be 
entirely 
reliable. 
However. 
no 
responsibility 
IS 
assumed 
for 
inaccuracies. 
Furthermore, 
sucn information 
does not 
convey 
to the purchaser 
of the semiconductor 
devices described 
any 
license under 
the patent 
rights of Motorola 
Inc. or others. 


The SAA 1006 provides a 16 line to 4·bit binary encoding for general 
purpose applications. 


It is also suitable to be used in conjunction 
with the remote control 
receiver MC6525, 
MC6526, 
MC6527. 
MC6529 for local instruction 
encoding. 


Rlting 
Symbol 
Valul 
Unit 


Forward Current per Pin 
IF 
20 
mAde 


Reverse 
Voltage 
all 
Pins 
VR 
6,5 
Vdc 


Operating Temperature 
Range 
TA 
o to +70 
°C 


Storage Temperature 
Range 
Tstg 
-65 
to +150 
°C 


Characteristics 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Reverse 
Current 
per 
Pin 
IR 
30 
jJ.A 


@X1R-6.0V 


Forward 
Voltage Drop per Pin 
VF 
1 
Volt 


@IF-2.0mA 


INPUT 
PINS' 


2 
3 
4 
5 
6 
10 
11 
16 
12 
13 
14 
9 
15 
8 
1 
all 
open 


'"Z 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0::~ 
8 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
:l 
a. 
9 
0 
0 
·0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
~:l 
16 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 


SAA1006 


NOTES 
I. 
LEAOS 
WITHIN 
0.13 
mm 
(0 DOSI RAOIUS 
OF TRUE 
PosmON 
AT SEATING 
PLANE 
AT MAXIMUM 
MATERIAL 
CONDITION. 


2. DIMENSION 
"L" 
TO 
CENTER 
Of 
LEADS 
WHEN 
fORMED 
PARAllEl 


MILlIMETfRS 
IN 
HES 
DIM 
MI. 
MAX 
M,. 
MAX 
• 
20.10 
21]4 
OilS 
0"" 
• 
6.10 
6.60 
0.240 
0.260 
e 
•. 
4.51 
, 
1 


0 
038 
0.S1 
O.OIS 
0.020 


F 
1. 
U2 
0.••• 
0.0 
G 
2.S4BSC 
, 
se 


H 
1.2 
1.83 
" 
.7 
, 
0.20 
0.30 
0 
0.012 
• 
292 
343 
.11 
.IS 
L 
131 
1.11 
0.290 
0.310 
•• 
- 
, 
- 
'00 
• 
Q.SI 
1.01 
0.020 
0040 
, 
0.13 
031 
0 •••• 
0.015 
Q 
o.SI 
0.16 
0.020 
0.030 


An 
integrated 
circuit 
specifically 
designed for 
use in the sound 
section of TV-receivers and the FM/I F portion 
of radio receivers. 


The TBA 
120 C is pin for pin and function 
compatible 
with 
the 
proelectron 
type TBA 
120 S but includes an improved D.C. volume 
control, 
which makes "grouping" 
or selection unnecessary. 


The TBA 120 D is pin for pin compatible 
with the proelectron type 
TBA 120, which is using external phase shift capacitors. 


Features: 


• 
Excellent 3dB limiting 
• 
High A.M. rejection 
• 
Wide supply voltage range 
• 
Auxiliary 
zener diode & transistor 
• 
Minimum number of external components required. 


TBA 120C 
TBA 120 D 


lfo 


FM IF AMPLIFIER, 
LIMITER, 
FM DETECTOR 
AND 
AUDIO 
PREAMPLIFIER 


MONOLITHIC 
SILICON 


INTEGRATED 
CIRCUIT 


-4-'J 
u"" 
.. 
• 
H' 


Rating 
Value 
Unit 


Power Supply Voltage 
+18 
Vdc 


Power Dissipation (Package Limitation) 


Plastic Package 
625 
mW 


Derate above TA = +250C 
5.0 
mW/oC 


Operating Temperature Range 
o to + 75 
°c 


Storage Temperature Range 
-65 
to + 150 
°c 


Characteristic 
Min 
Typ 
Max 
Units 


Supply Voltage Range 
6 
- 
18 
Volts 


Supply Current 
10 
14 
18 
mA 


Audio Output 
(fo = 5.5 MHz, ~f = 50 KHz, a = 45) 
1 
Volts R.M.s. 


Audio Output '(fo= 10.7MHz, t:.f = 75KHz, 0=35) 
.38 
Volts R.M.s . 


3d8 limiting 
(fo= 5.5MHz, t:.f = 50KHz, 0=45) 
30 
60 
jJV R.M.s. 


3dB Limiting 
(fo= 10.7MHz, t:.f = 75KHz, 
0=35) 
40 
jJV R.M.s. 


A.M. Rejection (fo= 5.5MHz, R.F. Input: 
500 jJV) 
45 
dB 


A.M. Rejection (fa= 10.7MHz, R.F. Input: 
500 jJV) 
40 
dB 


Volume Control 
Range 
- 


65 
75 
dB 


Output 
Impedance 
2.6 
Kn 


Characteristic 
Min 
Typ 
Max 
Units 


Z-Voltage 
@ 5 mA (Pin 12) 
11.2 
13.2 
Volts 


Z-Resistance 
(Pin 12) @ 1 KHz, 5 mA 
15 
n 
- 


T45 Breakdown Voltage VCEO 
13 
Volts 


T45 Current Gain @ IC = 1 mA, VCE = 5 V 
40 
IOu 
- 


H 


10nF 
II 


COMPONENT 
VALUES: 


~c 
L 
Cl 
Q 
10h 
5.5MHz 
.551lH 
1.5nF 
45 


6MHz 
.551lH 
1.2nF 
45 


10.7MHz 
2.2IlH 
l00pF 
35 


2.2!-tF 
1-6 
Output 


p 
- - 
- 
" 


..... 


iii -30 
:!!~ -40 
5. 
;; -50 
o 


lmV 
RF Input 


FIGURE 
2 - 
AUDIO 
OUTPUT AND SIN 
VERSUS 
INPUT 
SIGNAL 
LEVEL 
AT 5.5 AND 
6.0 MHz 
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FIGURE 4 - 
A.M. REJECTION VERSUS INPUT 
SIGNAL 
LEVEL 
AT 5.5 AND 
6.0 MHz 
(3096 A.M., 
50 KHz F.M.I 


C2 = 22nF, 
together 
with 
the 
integrated 
resistor 
of 2.6KQ 
(PI N 
8) 
gives 
the 
deemphasis 
and 
can 
be 
reduced 
if 
required. 
For stereo 
470pF 
should 
be used to provide 
H.F. 


decoupling. 
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FIGURE 3 - AUDIO 
OUTPUT AND SIN 
VERSUS 


INPUT SIGNAL 
LEVEL 
AT 10.7 MHz 
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FIGURE 5 - 
A.M. REJECTION 
VERSUS INPUT 
SIGNAL 
LEVEL 
AT 10.7MHz 
(30 010 A.M., 75KHz FMI 
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FIGURE 
6 - 
OUTPUT 
VOLTAGE 
VERSUS 
SUPPLY VOLTAGE 
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FIGURE 
8 - 
OUTPUT SIGNAL 
ATTENUATION 
VERSUS VOLUME 
CONTROL 
RESISTANCE 


Vollage 
Ga.n 


Typ 
9dB 
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FIGURE 7 - 
T.H.O. + NOISE VERSUS 
ATTENUATION 
(D.C. 
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FIGURE 9 - 
OUTPUT SIGNAL 
ATTENUATION 
VERSUS D.C. VOLTAGE 
AT PIN 5. 
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FIGURE 
11 - 
T.H.D. VERSUS OUTPUT VOLTAGE 
FOR AUDIO 
PREAMPLIFIER 
SHOWN 
IN FIGURE 
10. 


FIGURE 13 - TYPICAL APPLICATION FOR 
5.5MHz WITH CERAMIC INPUT 
FILTER 
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NOTES, 


1. LEAOS WITHIN 0.13 mm 


10.0051 RAOIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL 
CONOITION. 


2. OIMENSION "L" 
TO 
CENTER OF LEAOS 
WHEN FORMEO 
PARALLEL 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


It. 
11.16 
11.10 
0.715 
0.740 
I 
6.10 
6.60 
0.240 
0.260 
e 
4.06 
4.57 
0.1"" 
0.110 
0 
0.31 
0.51 
0.Q15 
0.020 
F 
1.02 
1.52 
0.040 
0.060 
G 
2.54 8Se 
0.100 8Se 


H 
1.32 
1.13 
0.052 
0.072 
J 
0.20 
0.30 
0.001 
0.012 


K 
2.92 
3.43 
0.115 
0.135 
L 
7.37 
7.17 
0.290 
o.ijj] 
II 
- 
10" 
- 
10· 
N 
0.51 
1.02 
0.020 
0.040 
p 
0.13 
0.31 
0.005 
o.lm 
Q 
0.51 
0.76 
0.020 
0.030 


TBA395 


CHROMINANCE 
COMBINATION 


MONOLITHIC 
SILICON 


INTEGRATED 
CIRCUIT 


• 
internal supply line stabilization 


• 
20 dB A.C.C. range 


• 
low external component count 


• 
designed to be used in conjunction with TBA 396 and TBA 


327/MC1327 


P. SUFFIX 
PLASTIC 
PACKAGE 


CASE 646 TO-116 


A.C.C. 


ConbO't.d 
Chrom::. 


AMP. 


Rating 
Pin 
Valua 
Unit 


Power Supply Current 
2 
60 
mA 


D.C. Current Capability of Reference Output 
9 
4.0 
mA 


Chrominance Input Voltage 
3 
1.2 
V p.t.p. 


Operating Temperature Range 
Oto + 70 
°c 


Power Dissipation (Package Limitation) 
625 
mW 


Derate above TA = + 250C 
5.0 
mWflC 


Storage Temperature Range 
65 to +150 
°c 


Characteristic 
Pin 
Min 
Typ 
Max 
Unit 


Supply Voltage 
2 
7.5 
8.4 
9.5 
Vd.c. 


Forward Transconductance 
3-1 
6.4 
mmho 
(Chrominance Output load = 560 n) 
(fiN = 4.43 MHz) 


Chrominance Input Resistance 
3 
2.0 
Kn 


Reference Oscillator Pull·in Range 
±250 
Hz 


Reference Output 
9 
400 
700 
mV 


H/2 Bistable Output 
13 
1.3 
V p.t.p. 


Burst Gate Operating Voltage 
5 
2.0 
5.0 
V 


Chrominance Output D.C. Current 
1. Colour killer operating 
4.0 
/.lA 


2. Colour killer off 
200 
/.lA 


1. Normal decoupling 
precautions 
must be taken. For 
example pin 2 (8.4 volt circuit supply point) must be 
decoupled closely to pin 6 (ground) thus preventing sub- 
carrier components 
leaking into sensitive areas of the cir- 
cuit. 


For subcarrier oscillator 
adjustment 
the chrominance 
input must be bypassed to ground via a 1 nf capacitor. 
The Ace potentiometer 
is then set to 1.2 volts below pin 
2 voltage using a high input impedance oscilloscope or 
Voltmeter 
(>10Mn). 
While the 
adjustment 
is made 
burst gate pulses must be appl ied to pin 5. 
2. To prevent the radiation of sub-carrier harmonics, the 
connection 
from pin 9 (reference output) 
and pin 8 
(crystal feedback) must be kept as short as possible. 


The 
oscillator 
free-running 
frequency 
can 
then 
be 
adjusted to sub-carrier value ± 10Hz. The loop will lock 
if a chrominance signal is re-connected. 
3. The connection from pin 1 (chroma output) should be 
also as short as possible to prevent capacitive loading of 
the 1K8n output resistor. 
With a peak to peak signal of 250 mV (1000/0 bars) the 
output on pin 1 should be adjusted to 400 mV peak to 
peak using the A.C.C. control potentiometer. 
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PIN 
CONNECTIONS 


1 
CHROMA 
OUTPU 
r 


2 
Va; 


3 
CHROMA 
INPUT 


4 
CHROMA 
AMP 
DECOUPlING 


5 
GATING 
PULSE 
INPUT 


6 
GROUND 


7 
REFERENCE 
OSCILLATOR 


CONTROL 
INPUT 


8 
CRYSTAL 
CONNECTION 


9 
REFERENCE 
OUTPUT 


10 
PHASE 
DETECTOR 
OUTPUT 


11 
Ace. 
CONTROL 
INPUT 


12 
Ace. 
DECOUPlING 
NO 1 


13 
HALF 
LINE 
OUTPUT 


14 
ACC. 
DECOUPLiNG 
NO 
2 


REF. 
P. loL. 


1_ 


100nF 
ADJ::13:ME4:~ 


nF 
60p 


.7n 


L~'~E~10k 
12k 


ADJUST 


B8RSTGATE 
I 
INPUT 
10nF 
JLJL 
J'"' 


~~HROMINANCE 
rr~ 
INPUT 


r:::.::::E;J 


NOTES: 


,. 
LEAOSWITHINO.13mm 


IO.OO!iI RADIUS 
OF TRUE 
POSITION 
AT SEATING 
PLANE M MAXIMUM 
MATERIAL 
CONDITION. 


2. DIMENSION 
"L" 
TO 
CENTER 
OF LEADS 
WHEN 
FORMED 


PARALLEL 


REFERENCE 


OSCILLATOR 


ADJUSTEMENT 


nOnFJlJL 


~20UTPUT 


10~4.43MH' 


REF. 
OUTPUT 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
18.16 
18.80 
0.715 
0.740 
• 
6.10 
6.60 
0.240 
0.260 
C 
4.06 
4.57 
0.160 
0.180 
0 
0.38 
0.51 
0.015 
0.020 
F 
1.02 
1.52 
0.040 
0.060 
G 
2.54 8SC 
0.100 
8SC 
H 
1.32 
1.83 
0.052 
0.072 
J 
0.20 
0.30 
0.008 
0.012 
K 
2.92 
3.43 
0.115 
0.135 
L 
7.37 
7.87 
0.29 
0.310 
M 
- 
111° 
10· 
N 
0.51 
1.02 
0.020 
0.040 
, 
0.13 
0.38 
0.005 
0.015 
Q 
0.51 
0.76 
0.020 
0.030 


Circuit 
diagr.." 
utilizing 
Matorol. 
products Ire 
included as • 
me,n, of illustr.tino typic. 
semiconductor epplicltions; conse- 


quenttv. complete information 
sufficient 
for construction 
purposes 
is not necesswily 
given. 
The inform.tion has been 
clrefullv 
checked 


end is believed to be entirely 
reliBble. 
However, no resPQnsbility 
is assumed for inM:curecies. 
Furthermore, 
such inform.tion 
does 
not convey to the purchlser of the semiconductor device. described 
any license under the pltent 
rights of Motoroll 
Inc. or othen. 


TBA396 


LUMINANCE 
AND CHROMINANCE 
CONTROL COMBINATION 


MONOLITHIC 
SILICON 
INTEGRATED CIRCUIT 


A Silicon 
Integrated 
circuit 
designed for use in PAL television 
recei- 


vers. 


• 
de control 
of brightness, contrast 
& saturation 


• 
tracking 
of saturation 
with contrast 
control 
changes 


• 
beam current 
limiting 


• 
black level clamping 


• 
designed to be used in conjunction 
with 
TBA395, 
TDA3950 
& MC1327 


0- %- 


Chrominance 
Block 
lAv •• 
0- 
Diversion Gate 
Clamp 


Beam limiter 
V 
~. 


Diff. 
AMP 
to f-o 


T,ockod 


Chrominlnce 
Luminence 


Diversion G•• 
Div ••.••on G••• 


Rating 
Pin 
Value 
Unit 


Supply Voltage 
5 
20 
Vd.c. 


Luminance Output Collector Voltage 
7 
30 
Vd.c. 


Luminance Output Emitter Current 
8 
7.0 
mA 


Chrominance Output Emitter Current 
3 
5.0 
mA 


Operating Temperature Range 
o to+ 70 
°c 


Power Dissipation (Package Limitation) 
625 
mW 


Derate above TA - - 250C 
5.0 
mW/oC 


Storage Temperature Range 
-65 
to + 150 
°c 


Characteristic 
Pin 
Min 
Typ 
Max 
Unit 


Luminance Input Resistance 
14 
100 
Kn 


Luminance gain 
14·8 
0.6 
.~ 
1.0 
1.2 


Change of black level with contrast and signal changes 
3.0 
0/0 
(black to white 4 /.ISgating) 


Black level clamp gating pulse 
11 
50 
1000 
/.IA 


Contrast control range 
35 
dB 


Saturation control range 
35 
dB 


3dB luminance bandwidth (resistive load) 
14·8 
7.5 
MHz 


Video input aperture 
14 
1.4 
3.4 
V.p.t.p. 


Chrominance input resistance 
2 
5.0 
Kn 


Chrominance voltage gain (Resistive load) 
2·3 
2.5 
3.8 
5.0 


Chromil)ance phase shift with saturation control 
+ 3 
0/0 


Chrominance phase shift with contrast control 
±3 
c/o 


Chrominance/Luminance 
tracking error with 
contrast control 
±2 
dB 


Threshold of beam limiter 
10 
1.8 
2.0 
2.2 
V 


1. The d.c. controls are relatively insensitive to interference if the decoupling associated with these lines is 
close to the I.C. 


2. Good decoupling is required close to the "cold" end of the PAL delay line driving coil to prevent spurious 
subearrier components reaching the I.C. supply line. 


The pre'set brilliance control must be adjusted to give the correct black level of - 16.5 V at pin 7. If the color 
demodulator 
IC MC1327 is used to complete the system a voltage of - 7.5 Vat the chroma outputs can be 
set using the same procedure. 


This operation must be performed with the brilliance control at the centre of its range. 
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CONHICTI('Wrft 


GAOUNO 
CIo4AQMA IN'UT 
CIo4AOMA OUl'UT 
EMITUA 


CHAO~U. 
OUTPUT 
COllECTOR 


V<, 
CLAM' 
TI),lE CONST.NT 
L!.NIN"NCE 
OUTPUT 
COllECTon 


L!.NINANCE 
OUTPUT 
H~ITlER 


• 
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10 
IE.M 
LIMITE A ,~PUT 


II 
BLACk 
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NOTES, 


,. 
LEAOS WITHIN 
0.13 mm 
(0.0051 RAOIUS Of TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL 
CONOITION. 
2. OIMENSION T' TO 
CENTER Of LEAOS 
WHEN fORMEO 
PARALLEL 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
18.16 
18.80 
0.115 
0.140 
- 
6.10 
6.60 
0.240 
0.260 
C 
4.06 
4.51 
0.160 
0.180 
0 
0.38 
0.51 
0.015 
0.020 
F 
1.02 
1.52 
0.040 
0.060 
G 
2.54 BSC 
0.100 BSC 
H 
1.32 
1.B3 
0.052 
0.012 


J 
0.20 
0.30 
0.008 
0.012 
K 
2.92 
3.43 
0.115 
0.135 
L 
1.31 
I.Bl 
0.290 
0.310 
M 
- 
100 
- 
10· 
N 
0.51 
1.02 
0.020 
0.040 
, 
0.13 
0.38 
0.005 
0.015 
Q 
0.51 
0.16 
0.020 
0.030 


Circuit 
di.gr.m. 
utili'lng 
Motorola 
products 
are included 
••• 
me.n. 
of 
illu.tr.tlng 
tYPIcal 
semiconductor 
applicatIon.; 
consequently. 
compl.t. 
InfOlm.tion 
'\.IUiclent 
for 
con.truction 
purpose. 
IS not 
nec •••• riIY gi".n. 
The 
informatIon 
ha. 
b•• n carefully 
checked 
and 


IS beli.",ed 
to 
be 
entirely 
relIable. 
Howev.r. 
no 
responsibility 
i. 


assumed 
for 
,n.ccuraCles. 
Furthermore, 
.uch 
Information 
doe. 
not 


convey 
to 
the 
purchaser 
of the 
semiconductor 
d.vices 
described 
any 


lIcense 
unde, 
the 
patent 
fights 
of Motorola 
Inc. 
or oth.rs. 


TBA920 
TBA920S 


The 
TBA920 
is a line 
oscillator 
combination 
integrated 
circuit 
for 
use in television 
receivers 
with 
transistor 
or thyristor 
output 
stages. 


It combines 
the following 
features: 


• 
Line oscillator 
• 
Noise gated sync separator 
• 
Phase comparison 
between 
flyback 
pulse 
and oscillator 


• 
Loop 
gain 
and 
time 
constant 
switching 
(also 
for 
VCR 
applications) 


• 
Output 
stage to drive a variety 
of line output 
stages 


!Oi]: .~~. 
UP • 


.:r.l 
OOP 


,7n 
":" 


-:- 
POSITIVE 


NOISE 
PULSES 


Ratingl 
Symbol 
V.I ••• 
Unit 


Power Supply Voltage 
Vee 
13.2 
Vdc 


Power Dissipation 
Po 
1.2 
W 
Oer.te Above TA = +25 ·e 
10 
mw/·e 


Operating Temperature 
Range 
TA 
Oto +70 
·e 


Storage Temperature 
Range 
Tstg 
-65 to +150 
·e 


Ch.ac.ristic 
Pin 
Symbol 
Min. 
Typ. 
Ma•. 
Unit 


Power Supply Operetlng Voltage 
1 
Vee 
10.8 
12 
13.2 
Vdc 


Current Consumption 
1 
Ice 
24 
mAdc 


Input Signall: 
- Video (Positive going sync) 
Fig. 1 
3 
Vp/p 
- Noise Gating 
9 
V9 
0.7 
Vp/p 
- Flyback Pulse 
5 
V5 
±1 
Vp/p 
Pulse Ouretion@15.625 
KHz 
5 
t5 
10 
J1$8c 


Output 
Signals: 
- Driver Pulse AmpHtude 
2 
VO 
10 
Vp/p 


Output 
Current 
Average 
2 
10 
20 
mA 
Peak 
200 
mA 


- 
Composite Sync Pulses 
7 
V7 
10 
Vplp 


Oscillator: 
- Free. Running Frequency 
Fig. 1 
fo 
15625 
Hz 
- Frequency Spreed (T8A9201 
t:.to 
±5 
·1. 


(TBA920S1 
fo 
±1.5 
·1. 


- Frequency Change, Vec = 5.0 V 
Dofo 
5 
·1. 


fo 
- 
Frequency 
Control 
sensitivitY 
Dofo 
16.5 
HzllJA 
Dol15 
- Adjustment 
Range 
Fig. 1 
±10 
·1. 


- Influence 
of Supply Voltage 
[, folfo 
5 
·1. 
Variations@Vcc= 
12 V on frequency 
[, VCCIVCC 


Control 
Loop 1: 


- Control Voltage Range 
12 
V12 
0.5 
5.8 
V 
- Control 
Current 
Vl0>4.4 
V, V6 > 1.5 V 
12 
112 
±2 
mAplp 
Vl0<2V, 
V6>1.5V 
±6 
mAplp 
- Loop Gain of APC System 
Coincidence 
between sync. 
e" 
1 
KHzlJ1$8c 
and Flyback or Vl0 >4.5 
V 
At 
No coincidence or V10 < 2 V 
3 
KHzlJ1$8c 
- Catching and Holding Range 
!>f 
±1 
KHz 


Ch8fIlC.ristic 
Pin 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Control Loop 2 
- Permissible del., 
bet'tWen 
td 
0 
15 
/lSec 
leading adge of output 
pul•• (pin 21 and 
leading adge of flyback pulse. 


- Static Control Error 
~t 
0.5 
·1. 


~tol 
- Output Current at Flyback 
14 
:!O.7 
mA 


Phase Relations 
- Phase relation bebYeen 
t 
4.9' 
/lSec 
leading edge of sync pulse and 
middle of flyback pul•• 


- 
Tolerance of Phase Relation 
lTBA920) 
t 
0.7 
/lSec 
ITBA920S) 
0.4 
/lSec 
- Voltage for T2 = 12 to 32/lSec 
3 
V3 
6 
8 
V 
- Adjustment SensitivitY 
3 
10 
/lSeclV 
- 'nput Current 
3 
13 
2 
jJA 


NOTES: 


1. LEADSWITHINO.13mm 
10.0051 RADIUS 
OF TRUE 
POSITION 
ATSEATING 
PLANE 
AT MAXIMUM 
MATERIAL 
CONDITION. 


2. DIMENSION 
"l 
H TO 
CENTER 
OF lEADS 


WHEN 
FORMED 
PARAllel 


MilliMETERS 
IN HES 


DIM 
MI' 
MAX 
MI' 
MAX 


A 
20.70 
21.34 
0.115 ~... 
• 
6.10 
'.60 
0.2. 
0.260 
C 
4. 
4.51 
.1 
.1 


D 
0.31 
0.51 
0.015 
~D20 
F 
1. 
1.52 
~040 
G 
H,USe 
0.1 
C 


H 
1 
2 
1.8 
.05 
.1 
J 
0.20 
0.30 
O. 
.01 
• 
2.92 
3.43 
0115 
Hl. 
l 
7.37 
7.17 
0.2911 
0.310 
II 
- 
1 
'" 
• 
0.51 
1.02 
~020 
• 
0.13 
0.31 
0.005 
0.015 
D 
.51 
0.76 
0.0 
.03D 


Circuit diagram. ~tlllzlng Motorola products are Incuded a•• me.n. 
of 
illustrating 
typical 
semiconductor 
application.; 
consequently, 


complete 
Information 
sufficient 
for con.tructlon 
purpo ••• I. not 
nece.sarlly 
given. The information 
ha. been carefully checked and 


i. 
believed to 
be entirely 
reliable. 
However, no responsibility 
is 


assumed for inaccuracies. Furthermore. 
such information does not 


convey to the purcnaser of the semiconductor 
devices described anv 


license under the patent rights of Motorola Inc. or others. 


The TBA 211 0 FSK Demodulator 
is designed for frequency 
detection in PCM Remote Control systems for TV applications. 
It contains an infrared amplifier, multiplier and vca forming a 
phase locked loop system. 
It is specifically 
designed for use 
with the MC6203 
and MC621 5 remote control receivers. 


• 
Limiting with 20l1V signal 
• 
Wide range of supply voltages (10 to 20 V) 
• 
No adjustments 


-=- 
CI 
15kt 1'4 
3.0pl!I"·I 
-=- 


TBA2110 


C7.L* 
1,501 


MONOLITHIC 
SILICON 
INTEGRATED 
CIRCUIT 


RATI~ 
S)lo\BOL 
"AWE 
UNIT 


Power 
Supply 
Vol tage 
VCC 
20 
V 


Input 
Vol tage 
V. 
0.7 
V (nns) 
1n 
Power 
Dissipation 
(Package 
Limit) 
Po 
1.25 
W 


Oerate 
above 
+25'C 
l/QJA 
10 
mW/'.C 


Operating 
Temperature 
Range 
TA 
o - 
75 
'c 


Storage 
Temperature 
Range 
\tg 
-65 
- 
150 
'c 


CHARACTERISTIC 
PIN 
SYMBOL MIll 
TYP 
MX 
UNIT 


Input 
Vol tage 
(1 imiting) 
1-3 
V in 
20 
uV 


Input 
Capacitance 
1-3 
(in 
1.15 
pF 


Input 
Resistance 
1-3 
R. 
1 
Mn 
ln 


Osci 11ator 
Centre 
Frequency 
13.9 
f osc 
83.4 
kHz 
C = 3900F 
R = 15k 


Oscillator 
Temp Coeff. * 
13 .9 
Tease 
-16 
Hz/'C 


Output 
Vol tage 
8 


Logic 
state 
high 
VOH 
VCC 
v 


Logic 
state 
low 
VOL 
0.3 
V 


Output Series 
Resista!1ce 
8 
Rsout 
18 
kn 


Supply 
Current 
6 
ICC 
11 
10.1\ 


19o 
0 0 00 
R3 
o-=lNN---o 
C6 -II--- 


Possible 
PCB and component 
layout, 
foil 
side 
- not to scale 
for use with 
the Toko 
coil 
type 
SH-10 


[:::::::~E] 
I V V A--.~I-. 


C,rCUit d,agram, 
Ul,h'lnll 
M010roi. 
p,oducts 
.r •. ncluded 
.s a means 
of "Illustr.tlng 
typ1ca' 
semIconductor 
applIcatIons. 
consequently 
complete 
Informat,on 
'uft'e,ent 
tor 
construction 
purposes 
,s not 
"ece'u"',,, 
9'ven 
The 
Informal.on 
ha, 
bee", caf.fully 
checked 
and 


NOTES 


1 
LEAOSWITHIN013mm 
100011 RAOIUS OF TRUE 
POSITION AT SEATING 


PLANE 
AT MAXIMUM 


. MATERIAL 
CONOITION 
OIMENSION "L" 
TO 
CENTER OF LEAOS 
WHEN FORMEO 
PARAllEL 


MllliMEHAS 
INCHIS 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
1816 
1880 
011\ 
0140 
8 
6.10 
6.60 
0140 
0260 
C 
406 
4S1 
0160 
0.180 
0 
038 
0\1 
0015 
0020 
f 
1.01 
152 
0.0<0 
0060 
G 
2.54 BSC 
o 100 8SC 


--':l 
1.32 
1.83 
00\1 
0.012 
J 
020 
030 
0008 
0012 


K 
292 
343 
011\ 
013\ 
l 
1.37 
7Bl 
0290 
0.310 


-~ O~1 
10· 
- 
10· 


N 
102 
0.020 
0.0<0 
p 
013 
0.38 
0.005 
0.015 


Q 
0\1 
076 
0.020 
0030 


., 
belIeved 
10 
he 
enl".ly 
rel.able 
Ho .•••••..,er. 
no 
responsIbIlIty 
IS 
."umltd 
fOf ,naccuracles 
Fvrrhermore. 
Ivch 
,"formatIon 
doe, not 
con ••.•y to 
the 
purc"'as.e. 
of the 
Hm,conductOr 
deyoe.1 
descrIbed 
any 
license under the patent 
fights at Motoro'a 
Jne. 
or other1- 


The 
TCA5500 
is a single 
chip 
stereo 
balance, 
volume, 
bass 
and 


treble 
control 
circuit 
designed 
for use 
in car 
radios, 
TV and 
audio 
systems. 
Simple 
DC 
inputs 
allow 
the 
control 
to 
be 
effected 
by 


four 
inexpensive 
potentiometers 
or 
a remote 
control 
system. 
The 
bass 
and 
treble 
responses 
are 
defined 
by 
a single 
capacitor 
per 
control 
per channel. 


• 
Four 
high 
impedance 
DC controls 
- 
Vol, 
Bass, Treble, 
Balance 
• 
A single external 
capacitor 
defines 
each tone 
control's 
characteristic 


• 
Low 
distortion, 
O.l%at 
nominal 
input 
level, 
12dB gain with 
the 
tone 
controls 
flat 
• 
Channel 
sep aration 
better 
than 45dB 
• 
Wide power 
supply 
tolerance, 
8 to 18V DC 
• 
±14d8 
of tone 
control 
• 
More than 
75dB 
of volume 
control 
• 
Wide dynamic 
range: 
25mV 
to 150mV 
RMS input 
signal 


• 
Low output 
impedance 
• 
Easily 
added 
loudness 
compensation 


TCA5500 


STEREO 
SOUND 


CONTROL 
SYSTEM 


MONOLITHIC 
SILICON 


INTEGRATED 
CIRCUIT 


PLASTIC 
PACKAGE 


CASE 707 


lip 
" 


vcc 
" 


c, 
-cl 


" 


lIP 
1Z 


f" 
vcc 


Rating 
Value 
Unit 


Power 
Supply 
Voltage 
18 
Volts-- 
Power 
Dissipation 
(Package 
Limitation) 
1800 
mW 


Derate 
above T A = +25° C 
15 
mWf'C 


Operating 
Temperature 
Range 
(Ambient) 
-40 
to +85 
°c 


Storage 
Temperatu 
re Range 
-65 
to +150 
°c 


Characteristic 
Pin 
Min 
Typ 
Max 
Unit 


Supply 
Voltage 
13 
8 
18 
V DC 


Supply 
Current 
(at Min Gain) 
30 
mA 


(at Max Gain) 
15 
mA 


Regulated 
Output 


Voltage 
1 
5 
5 
V 


Current 
3 
mA 


Input 
Levels (at Max Gain) 
12,16 
25 
mV RMS 


(with 
reduced 
gain)' 
150 
mV RMS 


Input 
Impedance 
12,16 
100 
kn 


Output 
Impedance 
2,8 
100 
n 


Tone 
Control 
Range 
(at 100Hz 
& 10kHz) 
2 


with 
pins 3 & 4 at OV 
3,4 
-14 
dB 


with 
pins 3 & 4 at 2V 
0 
dB 


with 
pins 3 & 4 at 4V 
+14 
dB 


Balance 
Control 
Range 
-40 
+3 
dB 


(Constant 
Power 
Law) 
6 


Voltage 
on pin 6 for balanced 
gain 
2.5 
V 


Volume 
Control 
Range 
7 
80 
dB 


with 
pin 7 at OV 
+12 
dB 


with 
pin 7 at 2.5V 
-18 
dB 


with 
pin 7 at 5V 
-68 
dB 


Control 
Input 
Currents 
3,4, 
1 
"A 
6, 7 


Channel 
Separation 
45 
dB 


Distortion 
(at 1kHz) 
at 100mV 
RMS output' 
0.1 
% 


Signal: 
Noise 
Ratio 


50Hz to 15kHz, 
12dB gain, tone 
controls 
flat 
70 
dB 
Noise 
Level 


50Hz 
to 15kHz, 
min gain 
10 
"V 
RMS 


NOTES: 


1 
The control 
potentiometers 
should 
be connected 
to this point, 
see figure 
5. 


2 
These 
figures 
are functions 
of the capacitors 
on pins 
1,9, 
10, 11, 
17 & 18. See the application 


diagram, 
figure 
5. 


3 
The 
input 
level 
may 
be increased 
to 
150mV 
RMS 
but 
the 
user 
controls 
must 
be adjusted 
to 


ensure 
that 
the output 
level does not exceed 
100mV 
RMS. 


FIGURE 
2 - 
TONE CONTROLS 


MAX 
BOOST. CUT I CONTROL 
VOLTAGE 


G' 
- 
1 + (1 - a)jwCR 
aln - 
1 + ajwCR 


Where R = 2.4kn 
(on chip) 


and C = C pins 11 & 17 
When a = 0.1 = max Treble boost 
When a = 0.8 = max Treble cut 


1 -a 
1+-- 
Gain = 
jwCR 
a 
1 + jwCR 


Where R = 4kn 
(on chip) 


and C = C pins 1 & 9 
When a = 0.1 = max Bass boost 


When a = 0.8 = max Bass Cut 


(BASS)I 
-•. 


100nf 
(; 


PLASTIC 
PACKAGE 


CASE 707 


•• 
IIBASS) 
0.. 
100nf 
(; 
• 


MILLIMETt~S 
INCHES 
DIM 
!IllN 
MAX .,. 
MAX 
• 
22.22 
23.24 
0.875 
0,915 I 


• , 
111 
0.260 
0280 
.. 
• 710,160 
I 
0 
(136 
0.5110.014 
0.020 
! 


F 
I 
L' 
a04 
'0 , 


G 
2.41 
2.67,0,095 
0.105 
" 
1.1. 
,"<lD 
00451:).055 
j 
0.20 
0.30 
0.008 
0,012 


K 
3.05 
J.56.0.120 
0.1.0 
I 


7.71 
7.1' 
I 


M 
0' 
10' 
0' 
"I" 
• ." 
1.02 
0,020 
0.040 


Circuit 
diagrams utilising 
Motorola 
products are included as a 
means of 
illustrating 
typical 
semiconductor applications; con- 
sequently. complete information 
sufficient 
for 
construction 
purposes 
is not 
necessarily given. The information has been 
carefully 
checked and is believed to be entirely 
reliable. However, 


no 
responsibility is assumed for 
innaccuracies. Furthermore, 
such informationdoes not convey to the purchaser of the semi- 
conductor devices described any license under the patent rights 
of Motorola Inc" or others. 


The TDA 1190Z 4.0 watt sound system is designed for television 
and related applications. 
The TDAl190P 
is a low·power 
version. 


Functions 
performed 
by 
these devices include: 
IF Limiting, 
IF 
amplifier, 
low pass filter, 
FM detector, 
DC volume control, 
audio 
preamplifier, and audio power amplifier. 


• 
4.0 Watts Output Power - TDA 1190Z 
(V CC = 24 V, RL = 16 U) 


• 
1.3 Watts Output Power - TDA 1190P 
(VCC=18V,RL=32U) 


• 
Linear Volume Control 


•• High AM Rejection 


• 
Low Harmonic Distortion 


• 
High Sensitivity 


TABST 


4 
12 
13 
up 


TDAl190Z 
TDAl190P 


SILICON 
MONOLITHIC 


INTEGRATED 
CIRCUIT 


~ 


.--- 
. 


'- 
~ 
TDA1190Z 


IF Input 


Decoupllng 


Oecoupllng 


Phase Shift 


Phase Shift 


DC Volume 
Control 


Temperature R.nge 
o to +750C 


R.tI", 
Symbol 
TDA1180Z 
TDA11l1Ol' 
Unit 
Supply Volt.go A.ngo 
V"" 
9.0 to 28 
9.0 to 22 
V 
OutPUtP•• k Curront (Non·ropetltl•• ) 
10 
2.0 
1.5 
A 
(Aep.tltl •• ) 
1.5 
1.0 
Input Sign" Vol,- 
VI 
1.0 
V 
Oper.tlng Temperoturo A.ngo 
TA 
o to +75 
°c 
Junction 
Tempereture 
TJ 
150 
°c 


Cherecteriltic 
Symbol 
Mln 
Typ. 
Mox. 
Unit 


Ouincent OutPut Volt.go (pin 11) 
Vo 
V 
VCC' 24 V 
TDAII90Z 
11 
12 
13 
VCC"8V 
TDA1190P 
8.0 
9.0 
10 
VCC'12V 
Both 
5.1 
6.0 
6.9 


Quiescent Drain Current 
'D 
mA 
(Pl' 
22 kn) 
VCC' 24 V 
TDAII90Z 
11 
22 
35 
VCC"8V 
TDAI190P 
11 
22 
35 
VCC"2V 
Both 
- 
19 
- 


OutPut Power 
Po 
W 
(d' 
10%,1m' 400 Hzl 
VCC'24V,A~"6n 
TDA1190Z 
- 
4.2 
- 
VCC' 12 V, A~' 
8.0 n 
TDA1190Z 
- 
1.5 
- 
VCC' lB V, A~' 
32 n 
TDA1190P 
1.0 
1.3 
- 
VCC"2V,A~'16n 
TDA1190P 
0.7 
0.9 
- 
(d' 
2%,1m• 400 Hz) 
VCC'24V,A~"6n 
TDA1190Z 
- 
3.5 
- 
VCC·'2V,A~·8.0n 
TDA1190Z 
- 
1.4 
- 
VCC·'8V,A~·32n 
TDA1190P 
- 
1.0 
- 
VCC' 12 V, A~ • 16 n 
TDA1190P 
- 
0.7 
- 


Input limiting Threshold 
Voltage 
(-3.0 dB) at pin 1 
VI 
"V 
Af: 
1:7.5 kHz, 1m = 400 Hz, Set Pl for 2.0 Vrrns on pin 11 
TDA1190Z 
.- 
40 
100 
TDA1190P 
- 
60 
100 


Distortion 
% 


(PO' 50 mW,1m• 400 Hz, t>! • '7.5 kHz! 
VCC'24V,A~"6n 
TDA1190Z 
- 
0.75 
- 
VCC·· 18 V, RL' 
32 n 
TDA1190P 
- 
1.0 
- 
VCC' 
12V,A~' 
16 n 
Both 
- 
1.0 
- 


Frequencv 
Response of Audio Amplifier 
(-3.0 
dB) 
B 
Hz 
IRL' 
16 n, ClO• 120 pF, C12• 470 pF, P1 ·22 kn) 


AI' 
82 n 
- 
70to12k 
- 
Af' 47 n 
- 
70t07.0k 
- 


Recovered Audio Voltage 
(pin 16) 
Vo 
- 
120 
- 
mV 
(VI;> 1 mV, 1m= 400 Hz, t>! = '7.5 kHz, P, = 0) 


Amplitude 
Modulation 
Rejection 
AMA 
- 
55 
- 
dB 
(VI;> 1.0 mV, 1m= 400 Hz, m' 
30%) 


Signal and Noise to Noise Ratio 
S+N 
50 
65 
- 
dB 
(VI;> 1.0 mV, Vo' 4.0 V, 1m• 400 Hz) 
N 


Input Resistance (pin 1) 
'j 
- 
30 
- 
kn 


IV, = 1.0mVI 


Input Capacitance 
(pin 1) 
Ci 
- 
5.0 
- 
pF 
(V, = 1.0mV) 


DC V~ume 
Control Attenuation 
- 
- 
90 
- 
dB 
(Pl' 
12 kn) 


C7 
C12 
Cl0 
9.0 of 
470 OF 
120 OF 


~ 


C9 
100nF~ 


VCC 


C14 
~ 
100 "F/35V 


L- 
10"H 
°0-60 
C5 
fo• 
4.5 MHz 


Cl 
100 nF 


Input o--i 


3 
115 
Volume 
8 
15 
Al 


A2 
'1 
C5 
TABS·· 
22 kO 
4.70 
(2 Version) 
lin. 


50 "F/16 
V 


C4 
.,p 


Cl1 
A41 
J;.C13 


- 
AL 


C6 
C7 


~ 


MILLIMETERS 
INCHES 
DIM 
MIA 
MAX 
MIA 
MAX 
A 
20.10 
21.34 
0.815 
0840 
8 
6,10 
6.60 
0.240 
0.260 
C 
4.06 
4.51 
0.160 
0.180 
0 
0.43 
0.56 
0.011 
0.022 
F 
1.02 
152 
0.0411 0.060 
6 
2.4\ 
2.61 
6.095 
0.105 
H 
1.32 
1.83 
0.052 
0.07 
J 
0.33 
0.46 
0.013 
0,018 
• 
2. 
.43 
.115 
.15 
L 
16.94 
11.45 
0.667 
0.681 
A 
0.5t 
1.02 
6.020 
00411 
, 
6.27 
6.53 
0.247 
0.251 
R 
4.83 
533 
0,190 
0.210 
S 
9.91 
10.41 
0.390 
0,410 


TDA1190Z 


PLASTIC 
PACKAGE 


CASE 
722A 
AOJA' 
600CIW (Typ.1 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
18.80 
21.34 
0.7'0 
0.840 
8 
6.10 
6.60 
0.2'0 
0.260 
C 
4.06 
5.08 
0.160 
0.200 
0 
0.38 
0.53 
0.015 
0.021 
F 
1.02 
1.78 
0.04ll 
0.010 
G 
2.5' 8SC 
0.100 BSC 
H 
0.38 
2.'1 
0.015 
0.095 
J 
0.20 
0.38 
o.oOS 
0.015 
K 
3.• 3 
.1 
0.135 
L 
7.62 SSC 
0.300 SSC 
M 
0 
10' 
0 
10' 
N 
0.51 
I 
1.02 
0.020 
0.040 


NOTES, 
1. lEADS WITHIN 0.13 mm 
10.0051RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 
2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL. 


3. DIMENSION "S" DOES NOT 
INCLUDE MOLD FLASH. 
•. "F" DIMENSION IS FOR FULL 
LEADS. "HALF" 
LEADS ARE 
OPTIONAL AT LEAD POSITIONS 
1. S. 9. and 161. 
5. ROUNDED CORNERS OPTIONAL. 


TDAl190P 


PLASTIC 
PACKAGE 


CASE 
648 
ASJA - 70oC/W (TyP.) 


The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature. can 
be found from the equation: 


TJ(max) -TA 
PD(TA) = 
ROJA(TyP) 


Where: PD(T A) 
= Power Dissipation allowable at a given 


operating ambient temperature. This must be greater than 


Circuit 
diagrams utilizing 
Motorola 
products 
are included 
as a means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently, 
complete 
information 
sufficient 
for 
construction 
purposes 
is not 
n.ce".rily 
given. 
The 
information 
hu 
be.n 
carefully 
checked 
anc:t 


the sum of the products of the supply voltages and supply 
currents at the worst caseoperating condition. 


TJlmaxl 
= Maximum Operating Junction Temperature 
aslisted in the Maximum Ratings Section 
TA = Maximum Desired Operating Ambient 


Temperature 
ROJA(Typl = Typical Thermal ResistanceJunction to 
Ambient 


is 
believed 
to 
be entirely 
reliable. 
However, 
no 
responsibility 
is 
assumed for 
inaccuracies. 
Furthermore, 
such information 
does not 


convey 
to the purchaser of the semiconductor 
devices described 
any 
license under the patent 
rights of Motorola 
Inc. or others. 


The TDA2002 
and TDA2002A 
are Class B power amplifiers 
designed for 
automotive 
and general-purpose audio applications_ 


High output current capability (3_5A) enablesthese devicesto drive 
low-impedance 
loads (down 
to 
1.6 nl with 
low harmonic 
and 
crossover distortion. 
High-voltage protection is available (TDA2002) 


which 
enables the amplifier 
to withstand 
40 V transients. These 
devices provide an output 
power of 8 watts (typ) with RL = 2 n 
and 4.8 watts (min) with RL = 4 n at 14.4 volts. 


r:;:D-;:;;O~- 
I 
I 
I 


.vcc 


---~--- 
--I 


1 


1 
I 


14 


I 
Compensation 
I 
Capacitor 


I 
IL------r: 


I 
I 
I 
I 
I 
___ 
-l 


TDA2002 
TDA2002A 


AUDIO 
POWER 


AMPLIFIER 


H SUFFIX 


PI ASTle 
PACKAGE 


CASE 
314A 


V SUFFIX 


PLASTIC 
PACKAGE 
CASE 
3148 


+ Input .••••••••. 


_Input 
~ 


G'ound_ 
~ 
0 
Output--- 
5 


+VCC/ 


ORDERING INFORMATION 


Device 
Temperature 
Range 
Plastic Package 


TDA2002H· 
-40 to +8S0C 
Case 314A 


TDA2002V· 
-40 to +8S0C 
Case 314B 


TDA2002AH 
-40 
to +8SoC 
Case 314A 


TDA2002AV 
-40 
to +8SoC 
Case 3148 


• High 
Voltage 
1 


Rating 
V.lue 
Unit 


•••• k Supply Voltage 
V 
TOA2oo2 
fTr.mien •• 01 50 ml or •••• ) 
40 
TOA2002f2oo2A 
(Slndv 
SI.,ol 
28 


Operaling Powo<Supply Votlage 
18 
V 


Peak Output 
Current 
{Non repetitive) 
4.5 
A 
(Repetitive) 
3.5 


Junction Temperature 
150 
°e 


Storage 
Temperature 
Ran9l! 
-65 to +150 
°e 


Operating Temperature 
Range 
-4010 
+85 
°e 


Ch.rec••,istic 
Symbol 
Min 
Typ 
Max 
Unit 


Quiescent Drain Current 
to 
- 
- 
80 
mA 
(Vin -01 


Quiescent Output 
Voltage 
Vo 
6.4 
7.2 
8.0 
V 
(V in - 01 


Power Output 
- 
10% Distortion 
Po 
W 
(Vee' 
14.4 V. RL: 
4.0 III 
4.8 
5.2 
- 


(Vee' 
14.4 V. RL - 2.0 II) 
7.0 
8.0 
- 


(Vee = 16 V. RL = 4.0 1lI 
- 
6.5 
- 
(Vee - 16 V. RL • 2.0 1lI 
- 
10 
- 


I "PUt Resistance 
'i 
70 
150 
- 
kll 
(Pin 1) 


Equivalent 
Input Noise Voltage 
on 
- 
4 
- 
"V 
IRS' 
O. B.ndpass = 20 HZlo 
15 kHz) 


Equivalent 
Input Noise Current 
in 
- 
0.1 
- 
nA 
(RS - O. Bandpass = 20 Hz to 15 kHzl 


Power Supply Rejection 
Ratio 
PSRR 
30 
35 
- 
d8 
(fripp, •• 
100 Hz) 


10IJF 


Vin~ 
I 
O 


. 
'IJF 


-= 
1000,,_ 


TDA3030 


The TDA3030 
SECAM adapter 
is designed 
to expand 
the facilities 
offered 
by 
the 
TDA3300 
PAL/NTSC 
colour 
processor 
to 
give a 
fully 
multistandard 
TV colour 
processing 
system. 
MONOLITHIC 
SILICON 
INTEGRATED 
CIRCUIT 


• 
Expands 
the 
TDA3300 
and 
enables 
it 
to 
accept 
all SECAM 
standards 


".UMHz O.couplmg 
".'3 MHz:i/p 
Line Jdent Timing 


Sanck;.ast 
•• 
Pulse iI P 


Trap 
Switch 
Fr.,.. 
PuIMiI P 


""L!SECAM 
Uo/p 


U i/p 


Diract 
Signal 
i Ip 


V i/p 
Vo/p 
NTSC H~ 
Control 


Luma i/p 


21 
iI p Amp 
Decoupling 


21 
W Comp.VidMt 
ilp 


26 
Ground 


2S 
•. tV Int..-nal 
Alttwence 


2. 
V.r •.•bte 
RMCtanc» 
Circuitry 


23 
. 
VariabM 
Reactance 
Circuitry 


22 
~ 
to Adjust 
2' 
[)e-emphu'ai Ip 
20 
Remodulated 
Chroma 0 I p 
tt 
Clamp Capadtor 
,. 
o.-emphas.o/p 


17 
.,tv 
15 
'dent. kt •••• 
tion 


15 
Luma o/p 


R.tine 
V.IU8 
Unit 


Supply Voltage 
14 
V DC 


Operating Temperature Range 
o to +70 
'c 


Storage Temperature Range 
-65 
to +150 
'c 


Characteristic 
Pin 
Min 
Typ 
Max 
Unit 


Supply Voltage 
17 
10.8 
12 
13.2 
V DC 


Supply Current 
- 
36 
48 
mA 


Chroma Input: 
Voltage 
27 
30 
- 
300 
mV p-p 


Impedance 
4 
7 
- 
kn 


4.43MHz 
Input: 
Voltage 
. 2 
30 
- 
300 
mV 


Impedance 
4 
7 
- 
kn 


Luma Input: 
Voltage 
14 
- 
1 
2 
V p-p 


Gain 
14,15 
-2 
0 
+1 
dB 


Bandwidth 
(-3 
dB) 
14,15 
6 
10 
- 
MHz 


Delay (SECAM) 
14,15 
140 
200 
280 
n, 


Delay Enable 
7 
0.2 
1 
mA 


Remodulator 
Output Voltage: 
DR 
20 
- 
450 
- 
mV p-p 


DB 
- 
350 
- 
mV p-p 


Burst 
65 
75 
85 
mV p-p 


DC Output 
Level: PAL Mode 
- 
2.0 
- 
V 


SECAM Mode 
- 
8.0 
- 
V 


Output Current 
- 
- 
2 
mA 


Line-by-line Offset, if B- Y Line is Adjusted to Zero 
- 
- 
10 
kHz 


Output Impedance (120 = 1.0mA) 
- 
- 
250 
n 


Commutator 
Gain: PAL 
- 
0 
- 
dB 


SECAM DR 
9,10 
5 
6 
7 
dB 


SECAM DB 
11 
2 
3 
4 
dB 


Ratio Error (DR: 
DB) 
- 
- 
10 
% 


NTSC Line 
8,12 
- 
3 
- 
dB 


NTSC Burst (at 0 


0 Phase) 
- 
-0.5 
- 
dB 


SECAM Subcarrier Output: 
Remodulator 
20 
- 
1.5 
- 
mV p-p 


(both with 1OOmV p-p 
chroma i/p) 
Commutator 
8,12 
- 
2.0 
- 
mV p-p 


Sandcastle Pulse Input: 
Voltage 
4 
3 
- 
VCC 
V 


Resistance 
10 
- 
- 
kn 


Frame Pulse Input: 
Voltage 
6 
7 
- 
VCC 
V 


Resistance 
10 
- 
- 
kn 


NTSC Hue Control Voltage: PALISECAM 
13 
9 
- 
VCC 
V 


NTSC/SECAM 
- 
- 
5 
V 


- 
- 
- 


Hue Control Output Phase Burst/Line 
8,12 
±45 
- 
- 
Deg 


Discriminator Output 
21 
- 
1 
- 
V/MHz 


Linearity (m ~~~~ 
X 100%) 
90 
- 
- 
% 


Ident Capacitor: 
Kill-level 
16 
- 
7.0 
- 
V 


Unkill-level 
- 
7.5 
- 
V 


Internal Reference Voltage 
25 
- 
9 
- 
V 


Ident Timing Output Current 
3 
- 
- 
5 
mA 


The 
circuit 
operation 
can 
be followed 
by reference 
to 
the 
block 
diagram, 
Figure 
1. It must 
be stressed 
that 
the 
TDA3030 
is a SECAM adapter 
for use with the TDA3300 
PAL system 
and not a 'stand 
alone' 
device. 


The 
luma 
channel 
of the 
TDA3030 
is an electronically 
controlled 
0/200ns 
delay 
circuit. 
All 
luma 
signals 
pass 


through 
this circuit, 
but 
it is switched 
to the 
delay 
mode 
only 
when 
a SECAM 
transmission 
is identified, 
or if (for 
NTSC 
reception, 
for 
example) 
the 
PAL/SECAM 
output, 


pin 7, of the TDA3030 
is forced 
high. 


After 
passing 
through 
the 
cloche 
filter 
the frequency 
modulated 
SECAM 
signal 
is discriminated 
and 
fed 
to 
a 
low 
pass 
filter 
to 
remove 
any 
residual 
high 
frequency 
components. 
One output 
from 
the 
filter 
is de·emphasised 
and 
remodulated 
in a balanced 
modulator 
as sequential 
AM on a 4.43MHzsubcarrier. 
In this stage, 
too, 
a 4.43MHz 
burst 
is added 
to the signal to allow for ACC action 
in the 
TDA3300. 
The 
remodulated 
chroma 
signal 
is fed to the 
chroma 
input 
of the 
TDA3300 
where 
it passes 
through 
the 
saturation 
and contrast 
controls 
before 
being 
applied 
to the chroma 
delay 
line. 


In a PALISECAM 
system 
the 
output 
of the 
chroma 
delay 
line is connected 
to the commutator 
of the TDA3030 


which 
handles 
all signals 
and 
feeds 
them, 
appropriately 


processed, 
to 
the 
U 
and 
V 
inputs 
of 
the 
TDA3300. 


The 
input 
signals 
are treated 
differently, 
depending 
on 
whether 
they 
are PAL, NTSC or SECAM. 


In the 
PAL mode, 
i.e. when 
no SECAM 
identification 


;s present, the commutator 
is inactive. Thus, signals arriving 
at the 
TDA3030's 
U and V inputs 
are steered 
directly 
to 


the respective 
outputs. 
If 
a 
SECAM 
signal 
is identified 
the 
commutator 
is 


switched 
to 
act 
as such, 
alternately 
steering 
the 
delayed 


and 
direct 
signals 
to 
the 
U and 
V outputs. 
At the same 


time 
the 
circuit 
corrects 
the 
matrixing 
to the 
PAL ratio. 


When 
the system 
is switched 
to NTSC the direct 
input 
is fed 
to 
both 
the 
U and 
V outputs. 
In this 
mode 
the 


phasing 
between 
the 
burst 
and 
the 
line 
can 
be 
varied 


according 
to 
the 
voltage 
applied 
to 
the 
hue 
control. 


With 
the 
TDA3030 
both 
line 
and 
frame 
SECAM 
identification 
are possible. 
An output 
from 
the low pass filter 
is taken 
to the ident· 


tification 
circuitry 
which 
is active during 
the line and frame 


blanking 
periods. 


This 
circuit 
detects 
the 
sequence 
of the 
4.40625MHz 
and 
4.25MHz 
bursts, 
representing 
the 
R-Y 
and 
B-Y 


signals 
respectively, 
during 
the 
frame 
period 
or 
the 
sequence 
of 'bottles' 
transmitted 
during 
the frame 
blanking 


interval. 
Given 
correct 
identification, 
the 
ident 
circuitry 
will 
activate 
the 
TDA3030's 
luma 
delay 
and 
remodulator 
output 
and 
set 
the 
commutation 
circuit 
to 
the 
SECAM 
mode. 


4.43MHz 
- 
(pins 
1 & 2) 
Pin 1 is decoupled 
to ground 
while 
the signal is fed to pin 2 via a phase 
advance 
network 
(see 
the 
application 
circuit, 
Figure 
2)-this 
corrects 
the 
phase 
lag introduced 
in the 
TDA3030 


LINE 
IDENT 
TIMING 
- 
(pin 
3) 
This 
pin 
is used 
to 
control 
the 
timing 
of 
an internal 
timebase 
which, 
in its 


turn, 
controls 
the 
system 
during 
the 
'back 
porch' 
of the 
transmitted 
signal. 
The 
pulse 
at the 
pin 
should 
end just 
before 
the 
active 
line time. 
The timing 
can be altered 
by 
changing 
the 
value 
of the 
24kn 
resistor 
on the 
pin 
(see 
Figure 
2). 


SANDCASTLE 
INPUT 
- 
(pin 4) 
This 
input 
accepts 
a 
standard 
positive 
going 'sandcastle' 
pulse. 


TRAP 
SWITCH 
- 
(pin 5) This output, 
which can be used 
to control 
the tracking 
filter 
(see Application 
Information 
and 
the 
circuit, 
Figure 
2), is low impedance 
during 
lines 
with 
B- Y chroma 
and 
high 
impedance 
during 
R- Y lines. 


FRAME 
PULSE 
INPUT 
- 
(pin 
6) 
This pin accepts 
a 
positive 
going frame 
pulse of greater 
than 
7V. 


PAL!SECAM 
- 
(pin 7) 
This pin is low impedance 
when 
a SECAM 
signal 
is identified 
and 
is used 
to 
control 
the 
the TDA3300. 


U OUTPUT 
- 
(pin 8) 
This output 
is an emitter 
and 
is 
coupled 
to the 
U input 
of the TDA3300 
via a capacitor 


U. V and 
DIRECT 
INPUTS 
- 
(pins 9,10 
& 11) These 


are 
high 
impedance 
inputs 
which 
are coupled 
directly 
to 
the 
delay 
line 
outputs 
and 
the 
direct 
signal 
output. 


V OUTPUT 
(pin 
12) 
This output 
is an emitter 
and is 


coupled 
to 
the 
TDA3300's 
V 
input 
via 
a 
capacitor. 


NTSC HUE CONTROL 
- 
(pin 13) 
If this high impedance 


input 
is held 
between 
0 and 
5V it acts 
as the hue control 


when 
the 
commutator 
is in the 
NTSC mode. 
If it is taken 
to +12V 
it will switch 
the commutator 
to PAL or SECAM 
depending 
on the SECAM 
identification. 


LUMA 
INPUT 
- 
(pin 
14) 
The luma signal 
is fed to this 


high 
impedance 
input 
to the switched 
delay 
circuit. 
When 
a SECAM 
signal 
is identified 
the luma signal is delayed 
by 


200ns-to 
compensate for the delay of the SECAM dis- 
criminator. 
In PAL mode there is no delay. 


LUMA OUTPUT 
- 
(pin 15) This is the output from the 
switched delay circuit. 


IDENT INTEGRATION 
- 
(pin 16) 
The output of the 
ident phase detector is filtered at this point_ A fairly long 
time constant 
is chosen 
for better 
noise 
immunity. 


DE-EMPHASIS OUTPUT 
- 
(pin 18) The output of the 
de-emphasisnetwork is fed to this pin. 


CLAMP CAPACITOR 
- 
(pin 19) 
A capacitor on this 
pin stores the reference bias for the remodulator. A com- 
ponent of adequatequality should be usedto avoid leakage 
problems during the 20ms storagetime. 


REMODULATED 
CHROMA OUTPUT 
- 
(pin 20) This 
is the output pin for the AM remodulated SECAM signal. 
A low voltage on this pin, about 2V, in the PAL mode 
allows simple signal path switching at the TDA3300's 
chroma input pin. 


DE-EMPHASIS INPUT - 
(pin 21) This pin is the output 
from 
the 
discriminator 
from 
where 
it 
is fed to 
the 
de-emphasisnetwork. 


/'; fO ADJUST 
- 
(pin 22) 
This pin is effectively 
the 
discriminator 
fO 
adjustment 
for 
the 
SECAM 
discriminator. 
The voltage applied to this pin provides 
fine tuning of fO in relation to 4.43MHz. 
VARIABLE 
REACTANCE CIRCUITRY 
- 
(pins 23& 24) 
These are part of the discriminator 
circuitry, 
with the 
quadrature tank circuit connected to pin 24. 


9V INTERNAL 
REFERENCE 
- 
(pin 25) 
This is the 
output 
of 
an on-chip stabiliser. The 
DC bias for 
the 
discriminator 
tank and /'; fO adjustment are derived from 
this circuit. 


GROUND 
- 
(pin 261 
This is the system ground and 
should havea low impedance path to the TDA3300's luma 
and chroma grounds. 


SECAM CHROMA INPUTS 
- 
(pins27 & 28) Theseare 
the chroma inputs to the system with pin 28 decoupled to 
ground, while pin 27 is fed with 
the composite video 
signal via the cloche filter. 


Tracking Filter 


The application circuit 
illustrated in Figure 2 includes a 
tracking filter realised in discrete components. This circuit 
requires 
a 
low 
source 
impedance at 
the 
subcarrier 
frequency. This is supplied by an emitter follower biased 
by the TDA3030's 
9V reference. A shunt tuned trap in 
series with 
the device's emitter 
has its centre frequency 
controlled by the discriminator and ident circuits so that 
the trap follows the modulation of the SECAM subcarrier. 
The frequency control 
is carried out by four transistors 
and the 56pF capacitor associatedwith L1, which together 
form a variable reactance circuit. 
If no SECAM signal is 
identified 
the trap 
frequency 
is about 
5.5 to 
6MHz. 


Cloche Filter 
Connect: 
An oscilloscope to pin 27_ 
Adjust: 
The cloche filter coil for a flat-topped chroma 
signal. 


Discriminator Tuning 
Connect: 
An oscilloscope to pin 18. 
Observe: 
The frame blanking interval. 


Adjust: 
The discriminator coil, on pin 24, to align the 
clamped lines at the beginning of the blanking 
period with subsequent lines. 


/'; fO Adjustment 
Connect: 
An oscilloscope to pin 18. 
Adjust: 
The potentiometer 
on pin 23 for zero sub- 
carrier on the white and black bar portions 
of B- Y signals. 


Tracking Filter 
Connect: 
An oscilloscope to pin 15 
Adjust: 
L1, 
see Figure 
2, 
for 
minimum 
chroma 
content at pin 15. 
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NOTES: 


1. 
POSITIONAL TOLERANCE 
OF LEAOS 101. 


SHALL 
BE WITHIN 0.25mm(0.0101 AT 


MAXIMUM 
MATERIAL 
CONOITION, IN 


RELATION 
TO SEATING PLANE ANO 


EACH OTHER. 


2. 
DIMENSION 
L TO CENTER OF LEA OS 


WHEN FORMEO PARALLEL 
3. 
OIMENSION B OOES NOT INCLUOE 
MOLO FLASH. 


4. 71lJ.Ol OBSOLETE, NEW STO 710.Jl2. 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
36.45 
37.21 
1.43, 
1.465 


B 
13.72 
14.22 
0.540 
0.560 


C 
3.94 
5.08 
0.155 
0.200 


D 
0.36 
0.56 
0.014 
0.022 


F 
1.02 
1.52 
0.040 
0.060 


G 
2.54 BSC 
0.100 BSC 


H 
1.65 I 
2.16 
0.065 I 0.085 


J 
0.20 I 
0.3B 
0.008 I 0.015 


K 
2.92 I 
3.43 
0.11510.135 


l 
15.24 
BSC 
0.600 
BSC 


M 
00 
I 
150 
00 
I 
150 


N 
0.51 I 
1.02 
0.020 I 0.040 


Circuit 
diagrams 
utilizing 
Motorola 
products 
are included 
as a means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently. 


complete 
information 
sufficient 
for 
construction 
purposes 
is not 
necessarily 
given. 
The 
information 
has been carefully 
checked 
and 


is 
believed 
to 
be 
entirely 
reliable. 
However, 
no 
responsibility 
is 
assumed 
for 
inaccuracies. 
Furthermore. 
such information 
does not 
convey 
to 
the 
purchaser 
of 
the semiconductor 
devices 
described 
any 
license under 
the patent 
rights of Motorola 
Inc., 
or others. 


TDA3300B 


TV COLOUR 
PROCESSING 
SYSTEM 


The 
TDA3300 
is 
Motorola's 
third 
generation 
colour 
processing 


system. 
The 
device 
will 
accept 
a PAL 
or 
NTSC 
composite 
video 


signal 
and 
output 
the 
three 
colour 
signals-needing 
only 
a simple 


driver 
amplifier 
to 
interface 
with 
the 
picture 
tube. 
There 
are 
also 


four 
inputs 
for 
On·Screen 
Display 
and 
the 
complementary 
fast 


blanking 
for 
use 
with 
teletext, 
viewdata, 
TV games, 
cameras 
etc. 


Full multistandard 
capability 


On-Screen 
Display 
inputs 
+ fast blanking 


Three 
DC, high impedance 
user controls 


• 
Automatic 
Black 
Level set-up 


Beam Current 
Limiting 


Inexpensive 
4.43/3.58MHz 
reference 
generation 


Single 
12V supply 


Low dissipation-typically 
600mW 


MONOLITHIC 
SILICON 


INTEGRATED 
CIRCUIT 


P SUFFIX 


PLASTIC PACKAGE 


CASE 711 


Chroma 
Input 


ACC Capacitor 


Chroma 
Delay 
Line Driver, emitter 


Chroma 
Delay 
Line Driver, 
collector 


Saturation 
Control 


Ident 
Capacitor 


V Input 


U Input 


90° 
Loop Capacitor 


Oscillator 
Loop 
Filter 


Xtal Drive 


Xtal Feedback 


Ground 


Blue Output 


Blue Output 
Clamp 
Capacitor 


Blue Output 
Feedback 


Green 
Output 


Green 
Output 
Clamp 
Capacitor 


Green 
Output 
Feedback 


Red Output 


+9V Internal 
Reference 


+12V 


Ground 


1V Composite 
Video 
Input 


Delayed 
Luma 
Input 


Luma 
Delay 
Line Drive & 3V Inverted 
Output 


Luma Emitter 
Trap 


Luma Collector 
Trap 


Contrast 
Control 


Black 
Level Clamp 


Brightness 
Control 


Peak Beam 
Limiter 
Adjust 


Frame 
Pulse Input 


Sandcastle 
Pulse Input 


On-Screen 
Display 
Input 
Green 


On-Screen 
Display 
Input 
Red 


On·Screen 
Display 
Input 
Blue 


On-Screen 
Display 
Input 
Fast Blanking 


Red Output 
Feedback 


Red Output 
Clamp 
Capacitor 


R.ting 
Pin 
Value 
Unit 


Supply Voltage 
39 
14 
V DC 


Operating Temperature 
Range 
o to +70 
·C 


Storage Temperature 
Range 
-65 
to +150 
·C 


Characteristic 
Pin 
Min 
Typ 
Max 
Unit 


Supply Voltage 
39 
10.8 
12 
13.2 
V DC 


Supply Current 
45 
60 
mA 


Composite Video 
Input Voltage 
37 
llnom) 
V 


Chroma 
Input Voltage 


(burst p-p 
ACC controlled) 
1 
10 
200 
mV 


Max Chroma 
Input Voltage 


(burst p-p) 
400 
mV 


ACC Range 
26 
dB 


RGB On·Screen Display Input 


(black to white) 
24,25,26 
0.7 (nom) 
V 


O-S 0 Required 
Source Impedance 
180 
n 


O-S 0 Frequency 
Response Iflat to) 
5 
MHz 


Positive Fast Blanking Input Threshold 
0.4 
V 


O·S D Max. Gain 
6 


Sandcastle Pulse Input Thresholds 
27 


Line 
0.2 
2.5 
V 


Burst Gate 
6.5 
9.5 
V 


Frame Pulse Input Threshold 
28 
0.2 
4 
V 


Beam Current 
Reference Threshold 
1.7 
2.0 
2.3 
V 


RGB Output 
Level 


(black to white, no output 
load) 
14,17,20 
4.0 
V 


Max Luma Gain (from pin 37) 
6.6 


Inverted Composite Video Output 
35 
2.9 
3.4 
3.9 
V 


Active Range of User Controls 
5,30,32 


Max 
4.2 
5 
V 


Min 
0 
0.5 
V 


Source Impedance of User Controls 
1 
Mn 


Contrast & Saturation 


(mid r8nge gain at 2.5V) 
-10 
(relative to max) 
dB 


Control 
Range: 


Contrast & Saturation 
40 
d8 


Brightness (at video outputl 
±1 
V 


Chroma/Luma 
Tracking 


low, 
20dB ,ange) 
±2 
dB 


U & V Reference Phase Error 
5 
. 


Peak Beam Current 
Limit 
29 


at Ipin 29 - 330IJA 
1 
mA 


at Ipin 29 ,., 700JjA 
2 
mA 


Pin 29 Input 
Impedance 
2.7 
kn 


The 
circuit 
operation 
can 
be followed 
by referring 
to 
the block 
diagram, 
Figure 
2. 


In order 
to 
ensure 
compatibility 
with 
standard 
video 
sYUems 
the 
luma 
channel 
input 
is high 
impedance, 
AC 
coupled 
and 
designed 
to 
accept 
a 
1V composite 
video 
signal. 
After 
a X3 gain voltage 
amplifier 
the inverted 
luma 
signal 
is brought 
out 
to the luma delay 
line. The output 
is 
low impedance 
to facilitate 
matching 
the delay 
line and as 
the 
signal 
is inverted 
it 
is suitable 
for 
driving 
a sync. 


separator. 


Following 
the 
luma 
delay 
line the 
signal 
is fed to the 
chroma 
trap 
stage 
where 
external 
emitter 
and 
collector 
loads ensure 
accurate 
definition 
of the stage gain. 


The 
contrast 
control 
is an electronic 
'gain' 
control 
of 
the 
current 
sharing 
type 
with 
the black 
level clamp 
on the 
output. 
The 
action 
of the 
black 
level clamp 
has been des- 


igned 
for minimum 
interference 
on the 
video 
signal. 
This 
is achieved 
by comparing 
the output 
of the contrast 
cont- 


rol 
with 
an 
internal 
5V 
reference. 
The 
signal 
from 
the 
comparator, 
which 
features 
a push-pull 
output 
for carrier 
or burst 
rejection, 
is then 
integrated 
by the external 
black 
level clamp 
capacitor. 


The 
final 
interface 
between 
the 
luma 
channel 
and the 
luma 
matrix 
is the brightness 
control. 


During 
the 
line 
and 
frame 
blanking 
periods 
a switch- 
ing circuit 
effectively 
blanks 
the 
luma 
signal 
and 
inserts 
a nominal 
black 
level of an internally 
derived 
5V reference 
level. However, 
the voltage 
source 
is modified 
by a current 
source; 
the 
latter 
based 
on the 
'gain' 
control 
circuit 
des- 


cribed 
below-thus 
it 
becomes 
a 
controllable 
current 
source. 
This applies 
a variable 
offset 
between 
±1 V, to the 
nominal 
black 
level which 
is maintained 
during 
the frame 


blanking 
period, 
thus 
providing 
a 
brightness 
control. 


The 
'gain' 
control 
circuit 
for the 
three 
user controls 
is 
of the form 
shown 
in Figure 
3. 
This 
configuration 
gives a law which 
depends 
on the 
current 
ratios. 
The 
contrast 
and saturation 
controls 
have 
been 
designed 
to appear 
linear 
to the 
user, 
as can be seen 
from 
Figure 
3. 


All the 
controls 
have 
an active 
range 
of 0.5 
to 
4.5V 
making 
them 
compatible 
with 
Df A 
converter 
derived 
control 
signals, 
such as those 
from 
remote 
control 
systems. 


The 
chroma 
signal 
is fed 
via 
three 
gain 
controlled 
stages: 
automatic 
colour 
control 
(ACC), contrast 
(to track 
the 
luma 
signal) 
and 
saturation. 
The 
two 
latter 
controls 


are 
designed 
in the 
same 
way 
the 
luma 
contrast 
control, 


with 
the 
same 
law. One of these 
two stages 
is returned 
to 
full 
gain 
and 
the 
other 
to 
nominal 
(10dS 
down 
from 
max.) 
during 
the 
burst 
gate 
period 
to provide 
a standard 
burst 
level for the ACC. 


The 
saturation 
control 
stage 
also provides 
the 
chroma 
kill 
function, 
which 
operates 
under 
two 
eventualities. 
Firstly 
the 
signal 
is removed 
in the 
event 
of prolonged 
misidentification 
or 
lack 
of 
identification. 
Secondly 
the 
saturation 
is reduced 
as the 
ACC voltage 
nears 
its zero 
level. 


FIGURE 
3 
- 
GAIN CONTROL' 


& CHARACTERISTIC 


The 
chroma 
delay 
line drive 
is supplied 
by a transistor 
whose 
emitter 
and collector 
are brought 
out; 
the collector 
drives 
the 
delay 
line while 
the emitter 
supplies 
the 
direct 
signal for matrixing 
at the delay 
line output. 


In the 
burst 
phase 
detector 
the 
system 
compares 
the 
constant 
phase 
burst 
of the 
U ctl;lnnel, 
at the 
delay 
line 
output, 
with 
the 
alternating 
reference 
drive 
to the 
V det- 


ector. 
A commutator 
converts 
the 
outputs 
to DC. At the 
same 
time 
any 
DC 
offsets 
are 
converted 
to 
al'ernating 
components, 
which 
are 
integrated 
to 
zero 
in the 
loop 
filter. 
Any 
resulting 
error 
voltage 
is 
applied 
to 
the 


4.43MHz 
voltage 
controlled 
reference 
oscillator. 


A similar 
arrangement, 
the 
90° phase 
detector, 
com- 


pares the phase 
reference 
drive to the U detector 
with 
that 
of the 
reference 
drive 
to the 
V detector. 
The 
U detector 
drive 
comes 
from 
the 
reference 
oscillator 
via a voltage 


contro~ed 
90° phase 
shifter 
which 
is itself 
controlled 
by 
the 
90 
phase 
detector. 
Thus 
the loop sets up an accurate 


90° phase 
shift. 


During 
burst 
time 
the 
V detector 
compares 
two signals 


of alternating 
phase. 
Thus, 
the output 
is dependant 
on the 
phase 
relationship 
between 
these 
signals, 
that 
is the ident- 


ification. 
With 
a correctly 
identified 
signal 
the 
output 
of 
the 
V kill and 
identification 
circuitry, 
which 
is integrated 
by 
the 
ident 
capacitor 
on 
pin 
6, is low. 
However, 
when 
the 
signal 
is misidentified 
the voltage 
on the ident 
capaci- 


tor will rise. At a certain 
predetermined 
threshold 
a trigger 


circuit 
fires to feed 
extra 
current 
to the capacitor. 
After 
a 


further 
delay 
a pulse 
is applied 
to the 
HI2 bistable, 
thus 


reversing 
its phase. 


By use of 
a simple 
switch 
(see the application 
circuit 


Figure 
5) a current 
can be fed to the ident 
capacitor. 
This 


forces 
the 
trigger 
circuits 
on and locks the 
H/2 bistable 
in 


the +V state. 
In this condition 
the system 
is able to decode 


NTSC signals, 
without 
the delay 
line. 


An 
ACC 
voltage, 
independant 
of 
the 
identification 


phase, 
is derived 
from 
the output 
of the U detector 
by the 


ACC and U kill detector-which 
is similar 
to the V kill and 


ideot 
circuit. 
The 
outputs 
of the 
U and 
V detectors 
are filtered 
and 


fed 
to a balanced 
resistive 
matrix 
to generate 
the 
three 


colour 
signals; 
R- Y, 
G- Y and 
B- Y. A non-saturating 
circuit 
cuts 
off the 
inputs 
for the 
fast 
blanking 
function. 


It is after 
this matrix 
that 
the luma 
signal, 
the 
colour 


difference 
signals, 
plus any On-Screen 
Display 
signals 
are 


brought 
to common 
nodes 
and summed. 
The three 
resul- 


tant 
signals 
are then 
fed to the 
virtual 
earth 
inputs 
of the 


on-chip 
output 
stages. 
On-Screen 
Display 
signals 
are fed 
into 
the 
system 
as 


voltages 
and 
converted 
to 
currents 
before 
being 
fed 
to 


'gain' 
controlled 
stages, 
which 
are controlled 
by the luma 
contrast 
control. 
Each 
input 
is AC 
coupled 
and 
black 


level 
clamped 
using the 
coupling 
capacitor 
as the storage 


element 
for the clamp 
voltage. 


The three 
on-chip 
output 
stages are of a class AB, push- 


pull 
configuration 
with 
the 
gain defined 
by parallel 
feed- 


back resistors. 
Working 
with 
the output 
stages are two of the system's 


major 
features; 
beam current 
limiting 
and automatic 
black 


level set-up. 


The 
beam 
current 
limiting 
is a peak 
detecting 
system 
designed 
to 
enhance 
the 
normal 
video 
or 
digital 
signal 
handling. 


The 
beam 
current 
in each picture 
tube 
cathode 
is mon- 
itored 
by 
a high 
voltage 
PNP 
transistor 
(see the 
appli- 
cation 
circuit 
Figure 
5). This is fed back to the TDA3300 


where it is compared with an internal reference which is 
determined 
by the 
resistor 
on pin 29. The output 
of this 


comp"rison 
is fed to the contrast 
control. 


The 
automatic 
black 
level 
set-up 
uses 
the 
same 
feed- 


back 
input 
during 
the 
second 
complete 
line 
after 
the 
frame 
flyback. 


At the same time an internal 
comparator 
compares 
an 
internal 
reference 
with 
the 
voltage 
developed 
across 
an 
external 
resistor 
by the 
picture 
tube 
beam 
current. 
The 
comparator's 
output 
controls 
the 
output 
stages 
to 
keep 
the beam current 
at the chosen 
level. 


The 
internal 
line 
blanking 
and 
burst 
gate 
pulses 
are 
derived 
from 
a standard 
'sandcastle' 
pulse, 
as shown 
in 
Figure 
4, fed 
to pin 27. 
Frame 
blanking 
is derived 
from 
a 
frame 
flyback 
pulse applied 
to pin 28. 
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Figure 
5 is the 
external 
component 
diagram 
for 
the 
TDA3300 
and 
shows 
resistor 
values 
which 
will 
result 
in 
nominal 
values, 
for 
peak 
beam 
limiting 
and 
beam current 
feedback 
of 2.6MA 
and 17 ",A per gun. 
As 
for 
any 
picture 
tube 
the 
colour 
phosphors 
vary 
in efficiency, 
with 
blue generally 
being the most efficient, 


it is possible 
to scale 
the 
beam 
current 
feedback 
resistors 
(in 
Figure 
5, 
120kn 
in the 
collector 
of 
the 
BF493S1 
accordingly. 
The 
average 
needs 
for a typical 
tube 
to give 
IIluminant 
'D' 16550oK) 
are as follows: 
Red 
'" 
120kn 
Blue 
'" 
150kn 
Green 
'" 
120kn 


The Reference 
Oscillator 
PLL 
Input 
Signal: 
PAL colour 
test signal with 
anti-PAL 
signal 


The 
PLL 
potentiometer, 
on 
pin 
10, for 
minimum colour on the TV screen 


Delay 
Line Balance 
Setting'up 
the 
PAL delay 
line follows 
the conventional 
procedure 
where 
the 
gain 
is adjusted 
by 
the 
delay 
line 
balance 
potentiometer 
and the 
phase 
by the input 
or out- 
put 
coils 
to 
the 
delay 
line. 
However, 
it should 
be noted 
that 
the 
adjustment 
of the phase can be effected 
by either 
the 
input 
or output 
tuning 
coil. 
And, 
as the 
line is in the 
ACC loop the tuning 
of either 
of these 
coils will not affect 
the signal amplitude. 


The Chroma 
Trap 
A PAL colour 
test signal 
An 
oscjlloscope 
to 
an 
output 
channel- 
preferably 
green 
The 
chroma 
trap 
for minimum 
4.43MHz 
on the output 
waveform 


Output 
Gain 
There 
are two 
methods 
of adjusting 
the 
output 
gain: 
visually 
and by the use of a colorimeter. 


Visually 
Input 
Signal: 
Set: 
Grey scale 
(al 
Brightness 
for 
visual 
extinction 
of 
black. 
(b) Contrast 
towards 
maximum 
Gain 
controls 
for 
the 
best 
apparent 
uni- 
formity 
of the grey scale 


Using a colorimeter 
Input 
Signal: 
White field 
Set: 
Contrast 
towards 
maximum 
the 
exact 
setting 
is a matter 
of 
choice 
Brightness 
to mid-scale 
or 3.1 V 
Adjust: 
Gain controls 
for a nominal 
colour 
point 
-normally 
lliuminant 
'D' 


In a receiver 
not 
designed 
to be equipped 
with the On- 


Screen 
Display 
facility, 
it is recommended 
that 
the 
On- 
Screen 
Display 
and 
fast 
blanking 
inputs 
are 
grounded. 


In those 
receivers 
using 
high frequency 
power 
supplies 
for 
the 
picture 
tube 
heaters 
it is recommended 
that 
the 
heaters 
be 
decoupled 
to 
prevent 
interference 
with 
the 
feedback 
from 
the PNP sampling 
transistor. 
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MILLIMETERS 
INCHES 


. DIM' 
MIN 
I MAX 
MIN;:FMAX 


I A 
; 51.82 
5232 
2.040 tow 


8 
1172 
14.22 
' 0540 
0.560 
C 
4.57 
5.08 
0.180 
0200 
0 
0.36 
0.51 I 0.014 i 0.020 


I 
F 
; 
1.02; 
1.52 
0.040 
0.060 
G , 
2.54 BSC 
0.1008se 
H 
1.65 I 
2.16 
0.065 
0085 
J 
0.20 
I 
0.30 
0.008 
0.012 
K 
3.05 
156 
.12 
0.14 
L 
, 
15.24 BSC 
0.600 BSC 
M 
0' 
I 
10' 
0' 
10' 
N 
0.51 
I 
1.02 
0020 
0.040 


PSUFFIX 


PLASTIC 
PACKAGE 


CASE 
711·02 


NOHS 


1 
lEADS 
TRUE 
POSITIONED 


WITHIN 
0 25 
111m 
(0 0101 CIA 
AT 


SEATING 
PLANE 
AT MAXIMUM 


MATERIAL 
CONDITION 


101M 
0") 
2 
DIM V' 
TO CENTER 
Of 
LEADS 


WI1EN 
FORMED 
PARAllEl 


Circ.uit di-erem. utilizing Motorola products 
are included 8Sa me.ns 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently. 
complete 
information 
sufficient 
for construction 
purposes 1. not 
~ily 
given. 
The 
Information 
ha. b•• n carefully 
checked 
and 


is believed 
to 
be entirelv 
reliable. 
However, 
no responsibility 
is 
assumed 
for 
inaccuracies. 
Furthermore, 
suS;h information 
does 
not 
convey 
to 
the purchaser 
of the semiconductor 
devices de.crlbed 
any 
IIcen.e 
under 
the petent 
rights 
of Motorola 
Inc .• or others. 


TDA3950A 


CHROMINANCE 


COMBINATION 


MONOLITHIC 
SILICON 


INTEGRATED 
CIRCUIT 


The TDA3950A 
is an integrated circuit designed to be used in PAL 
colour decoding circuitry in colour television receivers. 


• 
Internal supply line stabilisation 


• 
No 4.43 
MHz oscillator adjustment necessary 


• 
20 dB ACC (Automatic Colour Control) range 


• 
Accepts Sandcastle pulse burst gating input 


P SUFFIX 


PLASTIC PACKAGE 
CASE 646 TO·116 


Ace 


PHASE 


DETECTOR 


BURST 


PHASE 
DETECTOR 


Pi n Connec. t ions 
Chroma 
Output 


Crys tal 
12 
ACe 
Phase 
Detector 
VCC 
connect 
ion 


Chroma 
Input 
Subcarrier reference 
coupling 


ACC Decoupl ing 
output 
13 
PAL half 
line 
(H/2) 


Sandcastle 
Pulse 
lnput 
10 
vea 
Phse 
Detec 
tor 
output 


Ground 
output 
14 
Identification 
trigger 
Crys tal 
connection 
11 
ACC Detector 
fi 1ter 
capac; 
tor 


Rating 
Pin 
Value 
Unit 


Power 
Supply 
Current 
2 
8f) 
mA 


D.C. Current 
Capability 
of Reference 
Output 
9 
20 
mA 


Operating 
Temperature 
Range 
o to 
T 70 
°c 


Power 
Dissipation 
(Package 
Limitation) 
1.25 
W 


Derate 
above 
TA ; 
T 250C 
10 
mW/vC 


Storage 
Temperature 
Range 
65 to 
.• 150 
°c 


Characteristics 
Pin 
Min 
Typ 
Max 
Unit 


Supply 
Voltage 
2 
8.5 
8.7 
9.7 
Vdc 


Chrominance 
Output 
Voltage 
(RL pin 1 
; 
560Q) 
1 
250 
400 
500 
mV p.p 


Colour 
Killer. Operation: 


Kill Level (Burst) 
3 
B.O 
12 
17 
mV p.p 
Unkill 
Level (Burst) 
11 
15 
20 
Hysteresis 
2.0 
dB 


Maximum Chrominance Input 
Voltage 
3 
250 
m V p.p 


Chrominance 
Output 
D.C. Current: 
Colour 
Killer Operating 
1 
0 
mA 


Colour 
Killer Off 
1.0 


Change 
in Chrominance 
Output 
due 
to + 6 dB. -12 
dB 
change in Chrominance 
Input. 
3.1 
2 
dB 
- 


Chrominance 
Input 
Impedance 
3 
5.0 
KS1 


Reference 
Output 
9 
2.2 
V p.p 
- 


Reference 
Oscillator 
Pull-In 
Range 
±400 
±600 
Hz 
._------_. 


Phase Accuracy 
2.3 
°/100 
Hz 


Reference 
Oscillator 
Temperature 
Drift 
(no burst 
pulse 
applied) 
9 
-2.0 
Hz/oC 
--------_ 
.._--_._-- 


Burst 
Gate 
Operating 
Voltage 
5 
9.0 
12 
V 


Burst 
Gate 
Input 
Impedance 
5 
7.0 
KS1 


H/2 
Bistable 
Output 
13 
8.0 
V pop 


Identification 
Time 
1.0 
msec 


1. 
Normal 
decoupling 
p, ecautions 
must 
be taken. 
For 
example 
pin 
2 
must 
be 
decoupled 
closely 
to 
pin 
6 
(ground) 
thus 
preventing 
sub-carrier 
components 
leaking 
into sensitive areas of the circuit. 


Disconnect 
the 
burst 
gate 
pulses 
and 
adjust 
the P. L.L. 


potentiometer 
to 
give "Zero 
beat" 
from 
the sub-carrier 


reference 
oscillator. 
Reconnect 
the burst 
gate pulses. 


2. 
To prevent 
the radiation 
of sub-carrier 
harmonics. 
the 


connection 
from 
pin 
9 
(reference 
output) 
and 
pin 
8 


(crystal 
feedback) 
must be kept as short 
as possible. 


ItZ4V 


~ 300 


Chroma Output 
lnr 


<1 
II 


Sandcastle 
Pul se 
Input 


390 


~ 
IGnF 
Video 
~-.39PF 
Input 
I 


'k9 
9 


lOOk 


8Z0k 
47nF 


10k 
J 
Ad~~~ t 
1nF 
51 


NOTES 


1 
LEADS 
WITHIN 
0.13 
mm 


1000\1 RAOIUS OF TRUE 
POSITION AT SEATING 
PLAN[ 
AT MAXIMUM 


MATERIAL CONOITION. 
OIMENSION T· TO 
CENTER OF lEADS 
WHEN FORMED 
PARAllEL 


I 


100pF 


18pF 
-iIJ 


4.433 
Mllz 


MilLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
1816 
18.80 
0.71\ 
0740 


9 
610 
6.60 
0140 
0.160 


C 
4.06 
4.\7 
0160 
0.180 


D 
038 
0.\1 
0.01\ 
0.010 
F 
1.01 
1.\1 
0.040 
0060 


G 
1 \4 8SC 
0.100 8SC 
H 
111 
1.83 
0.0\1 
0.011 


J 
010 
0.30 
O.OOS 
0011 


K 
1.91 
3.43 ~;~- 
~ 
l 
7.37 
7.87 
0310 


M 
- 
10' 
to" 


N 
0.\1 
101 
0.010 
0.040 


P 
013 
0~38 
000\ 
~~j~- 
Q 
0.\1 
0.76 
0010 


CIrcuit 
diagrams utilizing 
Motorola 
products 
are included 
as a means 
of 
illustrating 
typical 
semicondvctor 
applications; 
conseQuently, 
complete 
information 
sufficient 
for 
construction 
purposes 
is not 
necessarily 
given. 
The 
information 
has been carefully 
checked 
and is 


believed 
to 
be 
entirely 
reliable. 
However, 
no responsibility 
is as- 


sumed 
for 
inaccuracies. 
Furthermore. 
such 
information 
does not 
convey 
to the purchaser of the semiconductor 
devices described any 


license under the patent 
rights of Motorola 
Inc. or others. 


UAA1OO8A-DP 


TUNING 
MEMORY 
SYSTEM 
LINEAR 
PROCESSOR 
CIRCUIT 


The UAA1008A provides the interfacing between the digital section 
of the tuning memory system and the TV set. In addition, it supplies 
the necessary functions 
and stabilized voltages for operating the 
complete system. 
When used in conjunction 
with the MC14425f29 and MC14426 it 
will perform the following: 


• 
OfA conversion of varicap voltage 
• 
34 Volt regulation 
• 
5 volt regulation for supply of all VOO external lines 
• 
Supply voltage supervisory control 
• 
B.nd decoding and driver (35 mAl 
• 
TV station capture control with help of fly·back, video, and AFC 
signals. 
~,u,," 
PLASTIC 
PACKAGE 


CASE 724 


z •. 
ill 
~~ 


:z: 
z:Z: 
•• 
u 
~u 
•• 
•.", 
0'" 
; 
~~ 
~~ 
o~ 
'" 
'" 
~ 


W 
20 


RYBACK 
INPUT 
VIOEOSYNC. 
INPUT 


10 
24 
t. 


~5 
~•.§ 


l< 
II 


0 
~;~ 
u 


~ 
••i 
~ 
"~8 
~~ Jl 


3 -152 
e-Q23 - 
October 
1977 


Rating 
Symbol 
Vilul 
Unit 


Power Supply Voltage 
VCC 
18 
Vde 


Varicap 
Supply 
Current 
IVV 
10 
mA 


Continuous 
Band Switch 
OutPut 
Currentl 
Ib 
35 
mA 


Filter/Amplifier 
Output 
Current 
Iiout 
+0.4 to-l 
mA 


8and Switch Output 
Voltage 
Vb 
VCC to-2 
Vde 


Output 
Current 
(pins 15,16, 
19,20,21) 
10 
1 
mA 


Pin 19 Output 
Voltage 
Vo 
18 
Vde 


Pin 22 Output 
Current 
100 
15 
mA 


Operating 
Temperature 
Range 
TA 
o to +70 
°c 


Storage 
Temperatur. 
Range 
Tstg 
-65 
to +150 
°c 


Characteristic 
Pin 
Symbol 
Condition 
Min. 
Typ. 
Max. 
Unit 


Power 
SupplV 
Operating 
Voltage 
24 
VCC 
12 
18 
Vde 


Power Supply Current 
(@VCC = 18 V) 
24 
ICC 
Band driver current 
=- 0 
21 
mAde 


Varicap 
Voltage 
Supply 
6 
VVV 
IVV = 2 mA 
33.5 
40.5 
Vde 


Stabilized 
Voltage 
Output 
22 
VOO 
100 = 10 mA max. 
4.95 
5.2 
5.45 
Vde 


Input 
Signals: 
- 
Negative 
video 
modulation 
(12) 
Vvid 
See typo appl ication 
2 
V PIP 
positive 
sync. 
pulses 
- 
Positive 
flyback 
signal 
(13) 
Vlly 
See typo application 
60 
V PIP 
- 
Video 
carrier discriminator 
negative 
going 
for .6. f positive 
11 
Vale 
±250 
mV 
(Referenced to VOO) 


Time 
Base Output 
Voltage 
20 
VOH 
IOH = 201JA 
4 
V 
IOL = 5001JA 
1 


Supply OK 
21 
VOH 
IOH = 5001JA 
4 
V 


VOL 
IOL = 101JA 
1 


UP I DOWN Output 
Voltage 
15,16 
VOH 
IOH = 201JA 
4 
V 
VOL 
IOL = 5001JA 
1 


A F C Signal 
Processor 
- 
Gm (110 IV,,) 
10 
lafc 
0.9 
1.2 
1.37 
mmhos 
- 
Maximum 
AFC current 
10 
±123 
±200 
±305 
IJA 


- 
Comparator 
threshold 
See Fig. 2 
±50 
mV 


ChlrecteristiCi 
Pin 
Symbol 
Condition 
Min. 
Typ. 
Ma•. 
Unit 


Varicap 
Filter & Amplifier; 
- I nput bias current 
8,9 
0.7 
IJA 
- Offset voltage 
8,9 
-20 
"'20 
mVdc 


VOL 
0.5 
V 
- Output 
voltage swing 
7 
VOH 
31 
V 
- Open loop voltage gain 
60 
dB 


Band Switch Output; 
- Output 
current 
1,2,3 
IOH 
VOH = VCC -1.6 
V 
35 
mA 
- 
Leakage current 
lopen collector) 
1,2,3 
IOL 
VOL =-2V 
1 
IJA 


4,5 
VIH 
IIH =300fJA 
VO:J -0.55 
V 
Binary Coded Band Input Voltage 
VIL 
IlL = 300fJA 
0.55 


Enable Input 
Voltage 
18 
VIH 
IIH =300fJA 
VOO -0.55 
V 


VIL 
IlL = 300 fJA 
0.55 
tristate 
2 
3.15 


Search Output 
19 
VOH 
Open collector 


VOL 
IlL = 500 fJA 
0.5 
V 


MODE 
ENABLE 
IN 
LINEAR 
AFC 
MEMORY 
TIME BASE 
UP/DOWN 
SEARCH 
UPDATE 
OVERLAP 


Memory 
L 
ON 
YES 
X 
NO 
H 
Memory 
Tristate 
OFF 
NO 
X 
NO 
H 
Search 
H 
OFF 
YES 
X 
YES 
L 
Verification 
L 
ON 
YES 
X 
NO 
L 


c'u~'ri~i 
FREO~EN~yll~~; 
--.. 


'\. 


'\ 
'\ 


/' 


/ 
DOWN 
/: 
/ 
I 


UP "7f 
,, 


I 
1 
V 
I 
I 


I 
I 


~ 
z -20 
~ 


'"~ 
-40 


> 


.300 
.200 
.100.50 0 -50 -100 -200 
-300 -400 
-500 


INPUT AFC VOLTAGE ImVI 


AFC 
INPUT 
& OUTPUT 
- 
The 
AFC 
input 
(pin 11) 
generates 
UP 
& 
DOWN 
commands 
whenever 
the 
input 
level varies by more 
than 
VDD ±50 
mV. 


At 
the 
same 
time 
the 
AFC 
voltage 
is converted 
into 
a 
proportional 
AFC 
output 
current 
(pin 
10) 
limited 
to an 
excursion 
of 
±200 IJA 
("see 
Fig. 2). 
The 
AFC 
output 
current 
source 
is 
gated 
by 
the 
Enable 
input 
function 
(pin 181. See enable 
functional 
table. 


UP & DOWN 
- 
The 
UP output 
(pin 16) changes 
to high 
whenever 
the 
AFC 
input 
(pin 
11) is higher 
than 
VDD 
+ 
50 mV, the DOWN output 
(pin 15) when 
lower 
than 
VDD 
-50mV. 
For 
pin 
11 voltage 
included 
between 
VDD 
-50 
mV and 
VDD 
+50 
mV 
no 
UP 
or 
DOWN 
commands 
will 
be 
generated. 
By means 
of an RC time 
constant 
on pin 14 it 
is possible 
to delay 
the falling edge of the UP command 
to 
make 
it overlap 
with 
the 
DOWN 
command 
provided 
that 
ENABLE 
IN (pin 18) is high. 
Should 
it be necessary 
to defeat 
the 
UP and/or 
DOWN 
commands, 
the 
correspondent 
pin 16 
and 
15 
can 
be 
grounded. 


FILTER 
& AMPLIFIER 
- 
(Inverting 
input: 
pin 9; non- 
inverting 
input: 
pin 8; 
output: 
pin 7.) 
This 
operational 
amplifier 
provides 
the 
integration 
of 
the 
MC14425/9 
binary 
rate 
multiplier 
output 
and the amplification 
of the 
same 
(usually 
around 
6.5 times) 
to 
cover 
the 
required 
varieap 
tuning 
voltage 
range, 
according 
to 
the 
typical 
configuration 
of Fig 4. 


Under 
these 
conditions 
only 
the critical 
components 
R 1 
and 
R2 are used to determine 
the voltage 
gain of the integra- 


tor. 
It is recommended 
to use good 
stability 
resistors 
with 
tracking 
temperature 
coefficient. 
(See Fig. 3 and 4.) 


BAND 
DRIVER 
- 
Fully 
decoded 
outputs 
for 
tuner 
band 
switching 
are 
provided 
at 
outputs 
VHF 
1 (pin 3), 
VHF 
III 
(pin 1). UHF 
(pin 2) according 
to the 
following 
logic table. 
See also MC14425/9 
data 
sheet. 


Input 
Codo 
Doc_Output 


Pin 4 
Pin 6 
Pin 3 
Pin 1 
Pin 2 


0 
0 
X 
X 
H 
1 
0 
X 
H 
X 
0 
1 
H 
X 
X 
1 
1 
X 
X 
X 


NOTES: 


I X state correspond 
to an open PNP collector. 


2 The control 
circuit supplying the coded band information 
can be 
looped-back to skip the following 
codes: (11) for three band 
only and (Ill 
(101 for two band only. 


FL YBACK 
- 
(pin 
13.) 
This 
input 
is 
driven 
by 
the 
positiye 
line flyback 
signal commonly 
available 
in TV sets. 


In 
conjunction 
with 
the 
SYNC 
signal 
controls 
TIME 
BASE output. 
It is recommended 
to 
differentiate 
the 
flyback 
pulse 
to 
insure 
that 
coincidence 
between 
sync 
pulses 
and 
flyback 
occurs 
only 
when 
the picture 
is actually 
synchronised 
(see 
Fig. 4). 


SYNC 
- 
(pin 
12.) This input 
is driven 
by the video 
signal 
(negative 
modulation/positive 
going 
sync) 
through 
the 
sync 
separator 
network 
of Fig. 4. 


Should 
separate 
positive 
sync 
pulses 
be available 
they 
can 
be used to drive pin 12 directly. 


TIME 
BASE 
- 
(pin 20.) 
This 
output 
goes 
to high when- 


ever 
coincidence 
is detected 
between 
flyback 
and 
sync 
signals, 
it is an indication 
of the 
presence 
of a valid 
TV 
signal. 
It is possible 
to activate 
time 
base 
output 
also 
in absence 
of the above 
signals by grounding 
pin 
17 via a 10K resistor. 


Presence 
of 
Time 
Base 
is checked 
at 
the 
end 
of 
the 
verification 
time 
in 
the 
control 
circuit 
MC14425/9 
to 
definetly 
activate 
the AFC output 
at pin 
10. 


SUPPLY 
OK 
- 
(pin 21.) 
Purpose 
of 
this 
function 
is to 
3 


protect 
the 
memory 
contents 
in 
case 
of 
failure 
or 
discontinuity 
of any supply 
voltage. 


Should 
the 
34 V varicap 
supply 
fail or the 
power 
supply 


VCC 
fall 
below 
10 V, SUPPLY 
OK output, 
normally 
at 


VDD (5.2 V) will immediately 
drop 
to zero volts. 


This 
function 
is normally 
used 
to enable 
data 
cycling 
in 
the 
memory 
circuit 
MC14426 
and the UP/DOWN 
counter 
in the control 
circuit 
MC14425/9. 


ENABLE 
IN 
- 
(pin 
18.) This function 
is provided 
by the 


control 
circuit 
MC14425/9 
and 
is primarly 
used 
to turn 


off 
and 
on 
the 
AFC 
output 
in conjunction 
with 
TIME 
BASE, as shown 
in the enable 
functional 
table. 


Enable·in 
goes high whenever 
a ramp 
is started 
and returns 


to low as soon 
as an UP/DOWN 
overlap 
is detected. 
It also 


insures 
that 
following 
an UP/DOWN 
overlap 
the 
UP delay 


is removed. 


SEARCH 
- 
(pin 
19) 
this 
output 
goes 
to 
low 
whenever 


the 
system 
is in 
the 
search 
mode 
and 
can 
be 
used 
to 


control 
external 
functions 
as necessary. 


{ '"" 


24 
VCC 
(+15V) 


TUNER 
BAND 
UHf 
23 


SWITCH 
.". 
VHF 
3 
22 
VDD 
(H,2V) 


A 
21 
SUPPLY 
OK 
CODED 
{ 
BAND 
INFORMAT. 
B 
20 
TIME 
BASE 


~A 
a8k 
+ 250V 
6 
~ 
19 
SEARCH 


.:L,220n 
c:> 
..,.. 
~ 
18 
ENABLE 
IN 
< 


15k 
< 
150k 
BRM 
::J 
17 
VCC 


470 
~0,11' 


16 
UP 
COMMAND 
R2 
56k 


VARICAP 
AFC 
10 
15 
DOWN 
COMMAND 
.". 
82k 
AFC 
IN 
11 
14 
VCC 


390 
0,221' 
15k 
~11' 
82p 


VIDEO 
•• 
fIAt) 
I 
12 
13 
I Ill.,•• •• 
FLY 
BACK 


47k 


VCC 
2,7M 


-:- 


I~:::::::::::rJ 
l---- •-------~ 


-------------- 
....•- --", 


~ 


-~JC 


, 
--..- 
~. J 
j 


1 
I 
\ 
N 
. 
It 
'-1,'- 
I 
-;1--0 
,- 
-1 


-----l 
H - 
-J 
G 
!-- 
SEATIIlIG'LAIIIE 


PSUFFIX 
PLASTIC 
PACKAGE 
CASE 
724 


NOTE: 


1. LEADS. TRUE POSITIONED WITHIN 
0.25 mm (0.0101 OIA AT SEATING 
PLANE AT MAXIMUM 
MATERIAL 
CONDITION 101M. "0"). 


Circuit dleoraml utilizing Motorola products .r. Incuded 8•• me.n. 
of 
IIlultratln; 
typlca' 
semiconductor 
applications; 
conMQuently. 


complete 
Information 
lufficlent 
fOf 
con.tructlon 
purpo ••• 
il 
not 
nee •••• 
rlly 
gl..,en. The 
information 
h., b•• n carefully 
checked 
and 


DIM 
.LLI.TlRS 
I.CHES 
•• 
IIAJl •• 
MAX 


A 
31.24 
32.13 
1.21iO 
1.286 


I 
6.10 
6.60 
0.240 
0.260 


C 
4.06 
4.57 
0.160 
0.180 


0 
0311 
0.51 
0.015 
0.020 


F 
1.02 
1.52 
0.040 
0.1l6O 


G 
2.54ISC 
0100ISC 


H 
1.60 
2.11 
0.063 
0.013 
J 
0.11 
030 
0.007 
0.012 


K 
2.92 
3.43 
0.115 
0.135 


L 
7.35 
7.17 
0.290 
0_310 


M 
- 
UI' 
10' 


N 
0.51 
1.02 
O.OlD 
0.040 


i, 
believed 
to 
be 
entirely 
reliable. 
Howevet. 
no relPon.lblllty 
I• 
• ssumed 
tor 
Inaccureele 
•. 
Furthermore, 
luch 
Information 
do •• 
not 
convey 
to 
the purcheser 
of the Mmlconductor 
devic •• 
deKrlbed 
any 
IIcen •• 
under 
the patent 
rights of Motorola 
Inc. 
or oth ••.•. 


UAA2000A 


PHASE LOCKED LOOP 
SYNTHESISER 
& DRIVER 


The UAA2000 
is designed to control the phase locked loops in fre- 
quency synthesisers as used in TV applications. Realised in I'LIEFL 
bipolar technology it contains all the necessary digital and linear func- 
tions. It uses an input data format which makes it well suited for use 
with microprocessor control. 


• 
14-bit variable divider & 4-bit band select 


• 
PLL with phase and frequency comparator 


• 
Filter and tuning voltage amplifier 


• 
16 MHz max input frequency 


• 
Pin option for 125 kHz or 62.5 kHz resolution 


• 
4 band driver outputs 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
724 
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Rating 
Pin 
Symbol 
Valua 
Unit 


I'L Supply Current 
1 
Is 
200 
mA 


Logic input Voltages 
2, 3, 4 
VLOG 
15 
V 


Filter Amplifier 


Input Voltage Range 
6 
o to 15 
V 
Output Short Circuit 
Duration (protected from 
o to 10 V) 
7 
ts 
continuous 


Nonlinearity Control Voltage 
8 
VNL 
o to 15 
V 


Tuning Voltage Output 
9 
Short Circuit Duration 
(protected from 0 to VCC2) 
tst 
continuous 
.- 


Analogue Supply Voltage 
10 
VCC2 
35 
V 


Band Buffers 
11,12 
Output Current at any Buffer' 
13,15 
ISSF 
30 
mA 
Short Duration (1 ms) Peak 
Current (Current has been 
limited externally)' 
Issp 
300 
mA 
Max capacitance which can 
be switched without 
External Current Limit 
5 
~F 
Minimum Voltage in OFF 
State Vcc 1 = 12 to 15 V 
VN 
-5 
V 


Supply Voltage 
14 
VCC1 
20 
V 


Phase Buffer Output Current 
16 
IpM 
10 
mA 


(has to be externally limited) 


F,.f Selection 
18 


Input Voltage 
VRI 
0.9 
V 


Input Current 
IRI 
10 
mA 


Crystal Oscillator 
Output Current (has to be 
19 
lac 
5 
mA 
externally limited) 
Input Voltage 
20 
VCI 
Voo+0.5 
V 
Buffer Output Current (has 
to be externally limited) 
21 
los 
20 
mA 


Logic Supply Voltage 
22 
Voo 
10 
V 


Input Common Mode Voltage 
23, 24 
V,CM 
2.5 
V 
Input Differential Voltage 
23, 24 
Via 
± 2.5 
V 


Storage Temperature 
TSTG 
-55to+150 
°C 


Operating Ambient Temperature 
TA 
o to 70 
°C 


Functional Temperature Range 


", 
o to 85 
°C 


(No parameters guaranteed) 


NOTES 
, All Buffers ON 


2 Only One Buffer Switching 


Characteristic 
Pin 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Voltage (Is = 60 mAl 
1 
Vs 
0.5 
0.83 
1 
V 
J'L Supply Current Ifin = 16 MHzl 
1 
Is 
40 
60 
80 
mA 


Logic Input Levels; VDR. Data. Clock 
2, 
VLOG 
Low State 
3, 
-0.3 
1 
V 
High State 
4 
3.5 
10 
V 
Logic Input Currents 
'LOG 
Low State 
-100 
~A 
High State 
10 
~A 


Filter Amplifier 
Input Current 
6 
IF1 
1 
20 
nA 
Output Current 
7 
Sourcing 
IFOS 
3 
mA 
Sinking 
'FOa 
400 
~A 


Non Linear Amplifier 


Input Current 
8 
IN1 
-150 
~A 


Tuning Voltage IVcc2 = 30 - 
33 V, 
9 
I 


Highest Level ITS= 50 ~A) 
VTH 
28 
I 
V 
Lowest Level 
Vn 
200 
500 
mV 
Output Current 
Sourcing 
ITS 
-+'~o 


mA 
Sinking 
ITa 
200 
~A 
Peak Noise 
mV 


Analogue Supply Voltage 
10 
VCC2 
30 
33 
I 


V 
Analogue Supply Current 


I 
IVcc2 
= 30 ... 33 V ITS = 01 
ICC2 
0.6 
1.3 
3 
mA 


Band Buffers 
11, 12 
Output Voltages - 
ON 
(at 20 mAl 
13, 15 
Vaeo 
Vcc,-1.3V 
Vcc,-1V 
Vcc,-0.8V 
lat 40 mAl 
Vcc,-1.5V 
Leakage Currents - 
OFF lat -5 
VI 
IBBL 
10 
~A 


Supply Voltage 
14 
VCC1 
11.4 
12.6 


I 


V 


I 


Supply Current (Is = 0, ITS = 0, 
VCC1 = 12 ... 15 V, VCC2= 30 - 
33 V, 
Icc, 
1.3 
10 
mA 


I 


'FOa = 0, pin 16 = open) - 
~6 
0"Com,,,,,,, ",;."". 
0"",<] 


Output Voltage 
Low at 2 mA 
VpL 
VCC1-1.2VI 


0.5 
V 
High at 2 mA 
VpH 
Leakage Current (High Impedancel 
ILP 
i 
20 
nA 


Characteristic 
Pin 
Symbol 
Min 
Typ 
Max 
Unit 


F,.f Selection, Input Voltage 
18 
Low Level IF,.f = 488 
Hz) 
VAL 
0.3 
V 
High Level (F,.f = 977 
Hz) 
VAH 
floating 


Crystal Oscillator 
Input Voltage 
(also 4 MHz input without 
crystal) 
20 
VC1 
200 
1000 
mV p-p 
Output Voltage 
- 
8uffer 
21 
Low Level (30pF/470Q 
loadl 
Veol 
0 
0.5 
V 
High Level (30pF/470Q 
loadl 
VeoH 
3.0 
4.0 
V 


Logic Supply Voltage 
22 
Voo 
4.75 
5.0 
5.25 
V 
Logic Supply Current 
(Voo = 4.75 
- 
5.25 
V, lOB = 0) 
100 
20 
28 
56 
mA 


Input Voltage Swing (each input! 
23, 24 
(Coupling capacitance 
~ 1 nF, 
slewing 
~ 5 V/IlS) 
V1N 
0.1 
1 
V p-p 
Input Frequency 
FIN 
16 
MHz 


Thermal Resistance - 
chip to ambient 
60 
°C/W 


Power Dissipation: 
Vee1 = 12 V, Voo = 5 
V, 
band buffers OFF, lOB = 0, Vee2 = 
31,5V, 
290 
530 
mW 
Is = 60 mA 


Characteristic 
Symbol 
Min 
Max 
Unit 


Clock Frequency 
fek 
0 
100 
kHz 


Clock Low Time 
tCl 
3 
IlS 


Neg, going VDR edge to 1st Clock edge 
tlVC 
20 
IlS 


Last Clock edge to Pos going VDR edge 
tlCV 
1 
IlS 


Data change to Pos going Clock edge 
tLOC 
1 
IlS-- 


Pos going Clock edge to Data change 
tlCO 
1 
IlS 


Rise times of digital inputs: 
tAC 
VDR, CLOCK, Data 
tAV 
tAD 
2 
IlS 


Fall times of digital inputs: 
tFC 


IlSJ 


VDR, CLOCK, Data 
tFV 
tFD 
2 


The circuit 
operation 
can be followed 
by reference 
to 


figure 
1, the UAA2000 
block 
diagram, 
and figure 
2, a 


phase 
locked 
loop using the UAA2000, 
a microprocessor 


and a TV tuner. 


The tuner's 
local oscillator 
output 
is divided, 
in an 


external 
prescaler, 
by 64 and then 
fed to the 
72 pre· 


scaler 
inputs 
of the UAA2000. 
This feed may be either 


via both 
inputs 
or single ended 
using pin 23 or pin 24. 


The output 
from 
this is, in turn, 
fed to the variable 


divider 
where 
it is further 
divided 
by a number 
determin· 


ed by the microprocessor. 
The variable 
divider 
output 


frequency, 
consisting 
of narrow 
pulses, 
called 
preset 
pulses, 
see the timing 
diagram 
figure 
5, is compared 
with 
a reference 
frequency. 
The result 
of this 
comparison 
is 


used as the control 
voltage 
for the local oscillator 
varicap. 


The UAA2000 
also receives 
band switching 
informati· 


on from 
the 
microprocessor 
and 
applies 
it to the 
tuner. 


To ensure 
loop stability 
the filter 
response 
is flat around 


the frequency 
where 
the overall 
loop gain is unity, 
see 


figure 
3. 


The digital 
circuitry 
of the 
UAA2000 
is realised 
in 
I' Land 
EFL integrated 
logic. 


The data controlling 
the division 
ratio 
of the 
variable 


divider 
and the band 
buffers 
is moved 
serially 
into a shift 
register 
by means 
of the three 
logical 
inputs, 
VOR 
,Data 


and CLOCK, 
see figures 
1,2 
and 7. The VOR 
input 
enables 
the circuit 
when 
the data 
and clock 
inputs 
are 


operated 
from 
busses. 


Data 
are 
transferred 
from 
the 
shift 
register 
into 


latches 
which, 
by means 
of logic, are isolated 
from 
the 
shift 
register 
during 
a shift 
operation. 


The variable 
divider 
is, essentially, 
a presellable 
sync- 


hronous 
counter. 
Once all stages 
are at a logical 0 a preset 


pulse 
is generated, 
this opens 
the AN 0 gates and presets 
the variable 
divider 
to the number 
stored 
in the latches. 


The reference 
frequency, 
fref, is generated 
on-chip 
by 


binary 
division 
of a 4MHz crystal 
oscillator 
signal, 


alternatively 
it can be applied 
externally 
to pin 20. A 


buffer 
stage 
permits 
external 
circuitry 
to be driven 
by 


the 4M Hz source. 


To provide 
operation 
at two different 
frequency 


resolutions 
the 
system's 
division 
ratio 
of the 
reference 


frequency 
divider 
can be changed 
by the use of pin 18; 


125 or 62.5kHz 
steps. 
With the pin grounded 
the 62.5 


kHz resolution 
results. 
The division 
ratios 
resulting 
are 


4096 
and 8192. 


The phase 
comparator 
is phase 
and frequency 
sensit- 


ive with 
a buffered 
tristate 
output. 
The states 
of the 


outputs 
are defined 
in the following 
page, 
Input/Output 


Functions. 


Figure 
5 shows 
the timing 
diagram 
for the situation 


when 
the TV channel 
is changed. 
With the negative 
going 


VOR edge, lJ, 
the latches 
are disconnected 
and the clock 
input 
to the shift 
register 
is released, 
allowing 
access 
to 


new data. 
Since the VOR 
signal and the preset 
pulses 


occur 
asynchronously, 
the variable 
divider 
latches 
have 


to be reconnected 
on the negative 
edge of the preset 
pulse, 
t4. 


Thus at t3 the variable 
divider 
is preset 
to the old 


division 
ratio. 
The 
new 
division 
ratio 
is loaded 
with 
the 
second 
preset 
pulse after 
the positive 
going VO R edge, 
t5. Band information, 
which 
is signalled 
to the 
UAA2000 


by the MPU changes 
at t6. This allows 
a periodic 
refresh 
of the division 
ratio 
when 
the TV channel 
is unchanged. 


The filter 
amplifier 
is an operational 
amplifier, 
design- 


ed for 
a very 
low 
input 
bias current, 
with 
the 
positive 


input 
internally 
biased. 
The standard 
filter 
set up is shown 


in figures 
2 and 8 with the frequency 
response 
shown 
in 
figure 
3. However, 
the filter 
may be set up around 
the 


op amp only 
Isee figure 
9) to allow 
use of the non·linear- 


amplifier 
which 
compensates 
for the characteristics 
of 


the tuner's 
varicaps. 
The degree 
of compensation 
can be 
controlled 
from 
pin 8, between 
two extremes, 
see figure 


4. If pin 8 is connected 
to pin 7 the transfer 
function 
is 


linear, 
if however 
pin 8 is grounded 
the function 
takes 


on its extreme 
non-linear 
form. 
Intermediate 
shapes 
can 


be achieved 
by controlling 
pin 8 with 
a potentiometer. 


The 30V output 
buffer 
supplies 
the vancap 
tuning 
voltage. 
The analogue 
outputs, 
pins 7 and 9, are short 


circuit 
protected. 
To 
minimise 
interference 
the 
ground 
a 


and supply 
lines of the digital 
and analogue 
sections 
of 


the 
system 
are brought 
out 
on separate 
pins. 


To 
guarantee 
optimum 
operation, 
the 
analogue 
supply 
voltage, 
between 
pins 10 and 5, has to be 
suffic- 


iently 
free of ripple 
in the range of about 
5Hz to 1kHz, 


since 
any 
interference 
on this 
line 
is transferred 
to the 
varicap 
output, 
pin9, 
at approximately 
the same 
ampli- 


tude. 


12 L SUPPLY 
- 
(pin 1) 
This is the current 
supply 
for 
the 
12 L injectors. 
The characteristic 
of the pin is that 
of 
a forward 
biased 
diode 
to pin 17. 


VDR 
- 
(pin 2) 
This pin is the chip select 
and is active 


when 
low, = O. 


DATA 
- 
(pin 3) 
Data is entered 
into the device, 
serially 


via this pin, and passed 
directly 
into the shift 
register. 
In 
its turn 
this controls 
the variable 
divider 
and the band 


buffers. 


CLOCK 
- 
(pin 4) 
This pin delivers 
the clock 
signal to 


the shift 
register, 
which 
accepts 
data 
on the positive 


going edge. 
It should 
be noted 
that 
within 
the VDR 


window, 
when 
VDR 
= low, the clock 
has to be high at 
the begining 
and the end of the clock 
pulse train. 


OP. AMP IN 
- 
(pin 6) 
This pin is the inverting 
input 
to the operational 
amplifier. 
The non·inverting 
input 
is 
internally 
biased. 


OP. AMP OUT 
- 
(pin 7) 
This pin is the output 
of the 
operational 
amplifier 
and the input 
to the non-linear 
amplifier. 


NON-LINEARITY 
CONTROL 
- 
(pin 8) 
This pin 


controls 
the input 
of the non-linear 
amplifier. 
It gives a 


linear 
transfer 
characteristic 
between 
pins 7 and 9 when 
pin 8 is connected 
to pin 7 and non-linear 
performance 


when 
pin 8 is grounded. 


TUNING 
VOLTAGE 
- 
(pin 9) 
This is the tuning 
volt- 


age output 
ready 
for direct 
control 
of the 
varicap 


diode. 


VCC2 
- 
(pin 10) 
This is the supply 
voltage 
for the. 


linear 
section 
of the circuit. 
The external 
supply 
must 
have a current 
limit 
lower 
than 
20mA 
when 
shorted 
to 


ground. 


BAND 
DRIVER 
OUTPUTS 
- 
(pins 
11. 12, 13 & 15) 


These 
outputs, 
which 
get their 
information 
from 
the 


data 
line, are able to drive the tuner 
directly 
and can 
deliver 
up to 40mA. 


VCC1 
- 
(pin 14) 
This pin supplys 
the voltage 
for the 


band 
buffers. 


PHASE 
COMPARATOR 
OUTPUT 
- 
(pin 16) 
This is a 


tristate 
output. 
The output 
is in the tristate 
condition, 
i.e. 


high impedance, 
when 
the divided 
input 
frequency 
is in 


phase 
with the on-chip 
reference. 


When the divided 
input 
frequency 
phase 
leads that 
of the 


on-chip 
reference 
the output 
is a series of 'high' 
going 


pulses 
- 
the high state 
- 
with 
reference 
to the tristate 


condition. 
When the divided 
input 
frequency 
phase 
lags that 
of the 


on-chip 
reference 
the output 
is a series of 'low' 
going 
pulses 
- 
the low state 
- 
again with 
reference 
to the 


tristate condition. 


62.5/125kHz 
RESOLUTION 
- 
(pin 18) 
This pin 
3 


serves to change 
the division 
ratio 
of the reference 


divider. 
It is an 12 L gate input, 
which 
means 
that 
its 


characteristic 
is that 
of a diode 
to ground. 
The 


resolution 
is 62.5kHz 
if the pin is grounded. 


4MHz 
XTAL 
OUT 
- 
(pin 19) 
This is a low impedance 


output 
which 
drives the crystal 
of the 4M Hz oscillator 
in 


the series resonance 
mode. 


4MHz 
XTAL 
IN 
- 
(pin 20) 
The oscillator 
input 
with 


an input 
impedance 
of 20kn. 


fiN 
- 
(pins 23 & 24) 
These 
are the inputs 
for the 


frequency 
to be divided 
by the variable 
divider. 
Both 


inputs 
may be driven 
in antiphase 
or only 
one input, 


with the unused 
input 
decoupled 
via a 1nF capacitor 
to 


ground. 
If driven 
in the single ended 
mode 
the 
minimum 


voltage 
is 200mV 
peak to peak. 


4MH. CRYSTAL 
D 


VDR 


DATA 
CTIiC'K 


1 
1 
1 
w- 
cz:R3 
C1-RiIR2C3R4 
(lOG) 


Figure 3 - 
The filter r.sponse with the components shown ebove 
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Flgur.4 
- 
Charecteristlcs of the non-linear amplifier with the 30 V buffer. VCC2 = 31.5 V 
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NEWBAND 
NEWDIVISION 
SIGNALS 
RATIO 


1 


Input 
frequency 
I 
Band 
I 


Division 
code 
------- 
- 
Code- 


Frequency 
Code 
Bi t 
Dividing 
Ratio 
Fj 
2 


F2 
4 


F, 
B 


F. 
16 


Fs 
32 


F, 
64 


F, 
128 


F, 
256 


F, 
512 


FlO 
1024 


Fll 
2048 


F.2 
4096 


F17 
8192 


F •• 
16384 


Band 
Code 


Bi 
: Hi9h 
= Band 
Buffer 
ON 


i 
= 1 to 
4 


Low 
= Band 
Buffer 
OFF 


Reference 
Frequency 
Division 
Ratio 


Input: 
f 
f 
Selection 
Reference 
Divider 
Division 
Ratio 
re 
(pin 
18) 


High 
4096 


Low 
8192 


4MHI 
f"1,", 
T 


,*Cl 


9 


F,N 
4MHz 
62,5!'25kH, 
VCC' 
~ 
r-r 


RESOLUTION 
BAND 
4 
BAND3 


,",1,",1 
.,.1nf 


I 


470 


VDD 
5V~0.25V 
~ 
-=- 


24 
23 
22 
2' 
20 
19 
16 
11 
16 
'5 
14 
13 


Rl 


R2 
,*Cl 


9 
10 
" 
12 


VCC2 
-=- 
R4 


3',5V 


-=- 


'Vo'R 
DATA 
CLOCK 
TUNING 
BAND' 
BAND2 


VOLTAGE 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
724 
~::::::::::J 


NOTE' 


1 
LEADS. TRUE POSITIOP'ilED WITHIN 
O.2!J mm to.01D) OIA AT SEATING 
PLANE 
AT MAXIMUM 
MATERIAL 
CONOITION 
IO'M. 
"0"). 


~: 
, 
I 
• 
-f- 
-:-D 
-G~ 
A 


Circuit 
diagrams utilizing 
Motorola 
IJroduc:ts .r. 
inc:uded 8" a means 
ot 
illunrating 
typical 
semiconductor 
applications, 
consequently. 
compl.t. 
Information 
sufficient 
for 
construction 
purpOMS is not 
n.c •• wrily 
given. 
The information 
h•• b•• n c.,.fully 
checked and 


MILLIMETERS 
INCHES 
lilN 
MAX 
M1N 
MAX 
31.24 
32.13 
1.260 
1.286 
6.10 
6.60 
0.240 0160 


4.ii6 
4.1/ 
0.160 0:180 
0.38 
0.11 
0.011 
0.020 
1.02 
1.12 
0.040 
0.060 


.. il4 BSC- 
. 
0.100BSC_ 


1.60 
i:il' 
0063 
0.083 


-!i·is 
0.30 
0.007 0.012 
2:92 
3.43 0111 
D.li 
1.JS'Y8J 
11290 
Ii310 
...-00 
-10- 


0.1I 
102 
MiD 
0.040 


'S believed 
to 
be entirely 
reliilule, 
How •••••r. 
no 
r8&por\l;tJility 
is 
assumed 
for 
inaccuracies. 
Furthermore, 
such 
information 
does 
not 
con .••.o.., to 
the 
purchaser 
of 
the 
semiconductor 
device. 
des<.ribfKl 
any 


license under the patent rights of Motorola 
Inc. or others. 


UAA2001 


MONOLITHIC 
SILICON 


INTEGRATED 
CIRCUIT 
The UAA 2001 
is designed 
for use in frequency 
synthesizers 
where 
it sets up the 
phase 
locked 
loop. 
It is particularly 
suitable 
for use 
with the 
MC6805T2 
microprocessor 
(MPU) in a TV synthesizer 
where 
it forms 
the interface 
between 
the tuner 
and the MPU. The 
circuit 
is realised 
in bipolar 
I' L technology. 


Rating 
Pin 
Symbol 
Value 
Unit 


Logic Input 
Voltages 
12,13, 
VLOG 
15 
V 


14 


Operational 
Amplifier: 


Input 
Voltage 
Range 
16,1 
a to 15 
V 


Short 
Circuit 
Duration 
(protected 
from a to VCC2) 
2 
\ 
continuous 


Analogue 
Supply 
Voltage 
3 
VCC2 
35 
V 


Buffer 
Supply 
Voltage 
8 
VCC1 
18 
V 


Data Out, 
max Voltage 
(10= 
lmAI 
4 
10 
V 


Buffer 
Bl 
5 


Output 
Voltage 
at Logical 'a' 
20 
V 


Output 
Current 
at Logical '1' 
(needs 
external 
current 
limit) 
7 
mA 


Buffers 
B2, B3, B4 & 85 
6,7, 


Output 
Current 
at any Buffer 
(all buffers 
on) 
9,10 
IBBF 
70 
mA 


Short 
Duration 
(lms) 
Peak Current 
(needs 
external 
limit) 
IBBP 
300 
mA 


Max Capacitance 
switchable 
without 
external 
current 
limit 
5 
~F 


Min Voltage 
in OFF 
State 
VCCl-20V 


12 L Supply 
Current 
11 
IS 
30 
mA 


Storage 
Temperature 
TSTG 
-50 
to +150 
°c 


Operating 
Ambient 
Temperature 
TA 
a to 70 
°c 


Characteristic 
Symbol 
Min 
Max 
Unit 


Clock 
High Time 
tCH 
3 
~s 


Clock 
Low Time 
tCL 
3 
~s 


Neg Going 
VDR 
Edge to First 
Clock 
Edge 
tLVC 
10 
~s 


Last Clock 
Edge to Pos Going 
VDR 
Edge 
tLCV 
1 
~s 


Data Change 
to Pos Going 
Clock 
Edge 
tLDC 
1 
~s 


Pos Going 
Clock 
Edge to Data Change 
tLCD 
3 
~s 


Rise Times 
of Digital 
Inputs: 
VDR,CLOCK,DATA 
tRY' 
tRC' 
tRD 
2 
~s 


Fall Times of Digital 
Inputs: 
VDR,CLOCK,DATA 
tFV' 
tFC' 
tFD 
2 
~s 


Characteristic 
Pin 
Symbol 
Min 
Typ 
Max 
Unit 


Logic Input Levels, VDR ,CLOCK, 
DATA 
12,13 
VLOG 
Low State 
14 
a 
0.8 
v 


High State 
2 
6 
V 


Logic Input Currents 
ILOG 
Low State 
-100 
IlA 


High State 
10 
IlA 


Operational Amplifier 


Input Current 
16,1 
IFI 
1 
20 
nA 


Input Voltage 
VCM 
2.2 
12 
V 


Output Voltage (VCC2 = 30 to 33V, 1= 501lA) 
2 


Highest Level 
VTH 
28 f;2-2 
VCC2 
V 


Lowest Level 
VTL 
100 
500 
mV 


Output Current Limitation 


Sourcing 
ITS 
1.5 
2 
mA 


Sinking 
ITO 
200 
1 
500 
mA 


Peak Noise 
mV 


Analogue Supply Voltage 
3 
VCC2 
30 
33 
V 


Analogue Supply Current (V OUT = VTLI 
ICC2 
2 
4 
mA 


(VCC2 = 30to 
33V!VOUT 
= VTHI 
0.5 
1.5 
mA 


~pply 
Voltage 
8 
VCC1 
10 
15 
V 
Supply Current(2) 
(ILOG = 0) 
ICC1 
0.5 
3 
mA 


Data Out (open collector) 


Output Saturation Voltage(1) at lmA 
4 
VDO 
0.8 
V 0.. 


Leakage Currents for Logic 'a' 
IDL 
1 
IlA 


19utput Voltage = 6V) 


Buffer Bl 


Output Saturation Voltage It I at 2.5mA 
5 
VBO 
0.8 
V. 


Leakage Current for Logic 'a' at 15V 
IBL 
5 
IlA 
Buffers B2, B3, B4, B5 
6,7, 


Output Voltages· ON, at 40mA 
9,10 
VBBO 
VCC1-1.3 
VCC1-l 
VCC1-O.7 
V 
at 60mA 
VCC1-1.5 
VCC1-1.1 
VCC1-0.8 
V 


Sum of all Buffer Currents (B2 to B5)111 
80 
mA 


LeakageCurrents· OFF at V CCl-2OV 
10 
IlA 


12 L Supply Current 
11 
IS 
4 
7 
10 
mA 


,2L-Supply Voltage (IS = 7mA) 
11 
Vs 
0.7 
1.2 
1.7 
V 


Power 
Dissi pation 
(lS-7mA, 
VCCl-12V, 
VCC2- 
PD 
90(2) 
mV 
31.5V) 
150(31 
mW 


Thermal Resistance, Chip to Ambient 
80 
°CfW 


All voltages are referred to Ground (pin 15) 


NOTES: 
1) 
Current has to be limited externally 


2) 
Band Buffers B2 to B5 OFF 
3) 
One Band Buffer ON at 40mA 


The circuit 
operation 
can be followed 
by reference 
to fig 
1, the 
UAA 2001 
block 
diagram, 
and fig 2, a phase 
locked 
loop using the UAA 2001, 
the MC6805T2 
MPU and a 
TV tuner. 
The tuner's 
local oscillator 
output 
frequency 
is divided 
in an enternal 
prescaler 
by 64 and then 
fed to the 


MC6805T2, 
which 
includes 
a variable 
divider, 
controlled 
by the processor, 
a reference 
divider 
and a phase 
compo 
arator. 
By means 
of this circuitry 
the local oscillator 


frequency 
is further 
divided 
by a number 
determining 
the TV channel 
and compared 
to a fixed 
reference 
freq· 


uency 
inside 
the 
MPU. The output 
voltage 
of the phase 
comparator 
is filtered 
by using the operational 
amplifier 
of the 
UAA 2001 
and then serves as the control 
voltage 
for the local oscillator 
varicap. 


To facilitate 
filtering 
of the reference 
frequency 
the op 
amp is designed 
for a very low input 
bias current 
(1 nA 
typ). 
The standard 
filter 
set up is shown 
in fig 2 with the 
frequency 
response 
shown 
in fig 3. To ensure 
loop stab- 


ility the response 
is flat around 
the frequency 
where 
the 


overall 
loop gain is unity. 


The UAA 2001 
also receives 
band 
switching 
information 
from 
the 
MPU and applies 
it to the tuner 
by means 
of a 


shift 
register, 
latches, 
and buffers. 
The 5-bit band 
switch· 


ing information 
is transferred 
by the signals 
DATA, 


CLOCK 
and VDR 
(chip select); 
these 
inputs 
are 
designed 
to accept 
TTL levels. The CLOCK and DATA 


lines can be shared 
with 
other 
systems 
having 
other 
I/O 
devices. 
Fig 4 shows 
the circuit's 
timing 
diagram. 
On the negative 


going VDR 
edge the latches 
are disconnected 
from 
the 
shift 
register 
and new information 
is shifted 
in. On the 


positive 
going VDR edge the latches 
are reconnected 


thus transferring new band information 
to the buffers 


and the tuner. 
The shift 
register 
also has a data output, 
this allows 
the 
MPU to pass data through 
the UAA 2001 
and drive 
further 
circuits 
from 
the same 
DATA and chip select 
pins: The UAA 2001 shifts 
and outputs 
data on the 
positive 
going clock 
edge where 
the following 
circuits 
are 


intended 
to shift 
data on the negative 
going edge. 
For 
reliable 
data transfer 
the UAA 2001 
should 
always 
be 
the first circuit 
in line as the clock 
signal consists 
of 
negative 
going 
pulses. 


The latches 
control 
five buffers. 
Buffer 
B1 has an open 
collector 
output 
(see fig 5) and may be used to output 
any information 
from 
the MPU. Buffers 
82 to 85 are 


band 
buffers 
specially 
designed 
to drive the tuner. 
Their 
drive capability 
is 60mA. 


POS. INPUT 
- 
(pin 1) This is the non-inverting 
input 
to the operational 
amplifier 
and needs 
an external 
ref- 


erence 
bias. 


OP. AMP. OUT 
- 
(pin 2) This is the tuning 
voltage 
output, 
designed 
for direct 
control 
of the tuner's 


varicap. 


DATA 
OUT 
- 
(pin 4) This pin is the data 
output 
of 
the shift 
register. 
The output 
is designed 
to allow 
cascading 
other 
circuits 
using the same VDR ·signal. 


B1 
- 
(pin 5) 
This pin is dn open 
collector 
buffer 
output 
of the first shifted 
bit. When shifting 
a logic '1' the out· 


put transistor 
is ON. 


BAND 
DRIVER 
OUTPUTS 
- 
(pins 6,7,9, 
10) 
These 
outputs 
can directly 
drive the tuner 
and deliver 
up to 
60mA. 
When shifting 
a logic '1' the appropriate 
band 
buffer 
is ON. 


I'L 
SUPPLY 
- 
(pin 11) This pin needs 
an external 


resistance 
to set up the 
I' L injector 
currents. 
The 


characteristic 
of the pin is that 
of a forward 
biassed 
diode 
to pin 15 (ground) 
plus a series resistance 
of about 
60n. 


VDR 
- 
(pin 12) 
This is the chip select 
and is active 


when 
low. 


CLOCK 
- 
(pin 131 This pin delivers 
the clock 
signal to 


the shift 
register, 
which 
accepts 
shifts 
and outputs 
data 


on the positive 
going edge. 
It should 
be noted 
that 
with· 


in the VDR 
window, 
when 
VDR 
is low, the clock 
has to 


be high at the begining 
and end of the clock 
pulse train. 


DATA 
- 
(pin 14) 
Data is entered 
serially 
into the circuit 


via this pin and passed 
directly 
to the shift 
register. 
In 


turn 
this controls 
the latches 
and band 
buffers. 


NEG. INPUT 
- 
(pin 161 This is the inverting 
input 
of 
the op amp with a typical 
input 
bias current 
of 1nA, 


reducing with increasing temperature. 


MPU 


WITH 
PLL- 


LOGIC 


V5li 


tLve 


'0'/. 


CLOCK 


10'. 


tRo 
'loe 


DATA 


+ 
~.s-DB1 


~GND 


FROM PHASE 


COMPARATOR 
DATA 
~ 
vml 
B5 
B' 


Rl 
Cl 
..-I 


R2 
". 


,. 
15 
,. 
'3 
12 
11 
,. 


R3 
UAA 2001 


C2 


ffA1l0 r:nnni.-t ~ 
J 
~VVVl\V:~r: 


H~ 
-l G ~ 
JLD 
S;';'~G -.~. 


PLANE 


MILLIMETERS 
IN 
HES 
DIM 
"'N 
MAX 
"'N 
"AX 


A 
20.70 
2'-34 
0.815 
0.840 
• 
6.'0 
8.60 
0.240 
0.260 
C 
.. 
H7 
D.' 
0.'80 
0 
0.38 
0.5' 
0.015 
0.020 


F 
1.02 
'-52 
0.040 
0.060 


G 
2.54 BSC 
D.' 
BSC 
H 
1.2 
I.B 
0.052 
.012 
j 
0.20 
0.30 
D. 
0.012 
K 
2.92 
3.43 ~115 
0.13S 
L 
1.37 
7.87 
0.2!O 
0.310 
II 
1 
- 
100 
N 
0.5' 
1.02 
0.020 
o-:OCO 
, 
0.13 
0.38 
0.005 
0.015 


Q 
.5' 
056 
0.020 
O.PI 


NOTES, 


1. LEADS 
WITHIN 
0.13 
mm 
(0.0051RADIUS OF TRUE 
POSITION 
AT SEATING 
PLANE 
AT MAXIMUM 
MATERIAL CONDITION. 


2. OIIiENSION 
"L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 


UAA2010 


The UAA 2010 
is designed 
for use in frequency 
synthesizers. 
It is 


particularly 
suitable 
for use with the Me 6805T2 
microprocessor 
(MPU) in a TV synthesizer 
where 
it forms 
the interface 
between 
the 


tuner 
and the MPU. The ciruit 
is realised 
in bipolar 
and I' L 


Technology. 


Rating 
Pin 
Symbol 
Valua 
Unit 


Logic Input 
Voltages 
12,13, 
VLOG 
15 
V 


14 


Operational 
Amplifier: 


Input 
Voltage 
Range 
16,1 
o to 15 
V 


Short 
Circuit 
Duration 
(protected 
from 
0 to V CC21 
2 
\ 
continuous 


Analogue 
Supply 
Voltage 
3 
VCC2 
35 
V 


Buffer 
Supply 
Voltage 
8 
VCC1 
18 
V 


Data Out, 
max Voltage 
(lD = lmA) 
4 
10 
V 


Buffer 
Bl 
5 


Output 
Voltage 
at Logical 
'0' 
20 
V 


Output 
Current 
at Logical 'I' 
(needs 
external 
current 
limit) 
7 
mA 


6,7, 
Buffers 
B2, B3, B4 & B5 
9,10 
Short 
Circuit 
Duration 
(protected 
from 
0 to VCC1) 
continuous 


I' L Supply 
Current 
11 
IS 
30 
mA 


Storage 
Temperature 
TSTG 
-50 
to +150 
()C 


Operating 
Ambient 
Temperature 
TA 
o to 70 
DC 


Characteristic 
Symbol 
Min 
Max 
Unit 


Clock 
High Time 
tCH 
3 
~s 


Clock 
Low Time 
tCL 
3 
~s 


Neg Going 
VDR 
Edge to First 
Clock 
Edge 
tLVC 
10 
~s 


Last Clock 
Edge to Pos Going 
VDR 
Edge 
tLCV 
1 
~s 


Data Change 
to Pos Going 
Clock 
Edge 
tLDC 
1 
~s 


Pos Going 
Clock 
Edge to Data Change 
tLCD 
3 
~s 


Rise Times 
of Digital 
Inputs: 
VDR, 
CLOCK, 
DATA 
tRY' 
tRC' 
tRD 
2 
~s 


Fall Times 
of Digital 
Inputs: 
VDR, 
CLOCK, 
DATA 
tFV' 
tFC' 
tFD 
2 
~s . 


Characteristic 
Pin 
Symbol 
Min 
Typ 
Max 
Unit 


Logic Input Levels, VDR, 
CLOCK, 
DATA 
12,13 
VLOG 
Low State 
14 
0 
0.8 
V 
High State 
2 
6 
V 
Logic Input Currents 
ILOG 
Low State 
-100 
"A 
High State 
10 
I'A 


Operational Amplifier 


Input Current 
16,1 
IFI 
1 
20 
nA 
Input Voltage 
VCM 
2.2 
12 
V 
Output Voltage (V CC2 = 30 to 33V, I = 50"A) 
2 
Highest Level 
VTH 
28 
VCC2 
V 
Lowest Level 
VTL 
200 
500 
mV 
Output Current 


Sourci.ng 
ITS 
1.5 
2 
mA 
Sinking 
'TO 
200 
1 
500 
I'A 
Peak Noise 


Analogue Supply Voltage 
3 
VCC2 
30 
33 
V 


Analogue Supply Current (VOUT = VTL) 
ICC2 
2 
4 
mA 
(VOUT = VTH) 
0.5 
1.5 
mA 


Supply Voltage 
8 
VCC1 
10 
15 
V 
Supply Current(2) 
(I LOG = 0) 
ICC1 
0.5 
3 
mA 
(IS = 0, VCC1 = 10 to 15V) 


Data Out (open collector) 


Output Saturation Voltage(1) 
at lmA 
4 
VD0 
0.8 
V 
Leakage'Currents for Logic '0' 
IDL 
1 
"A 
\gutput 
Voltage = 6V) 


Buffer Bl 


Output Saturation Voltagel 1) at 2.5mA 
5 
VBO 
0.8 
V\ 
Leakage Current for Logic '0' at 15V 
IBL 
5 
I'A 
Buffers B2, B3, B4, B5 
6,7, 


Output Current for Logic '1' at V CC1-0.8V 
9,10 
IBBO 
1 
2.8 
6 
mA 


i2 L Suoolv Current 
,2L-SuPply Voltage (IS = 7mA) 
11 
Vs 
0.7 
1.2 
1.7 
V 


Power Dissipation 
(lS-7mA, 
VCC1 -12V, 
VCC2- 
90(2) 
mV 
31.5V) 
110(3) 
mW 
Thermal Resistance, Chip to Ambient 
80 
°CIW 


All voltages are referred to Ground (pin 15) 


NOTES: 
1) 
Current has to be limited externally 
2) 
Band Buffers B2 to B5 OFF 
3) 
One Band Buffer ON at VCCl 
- 0.8V 


The circuit 
operation 
can be followed 
by reference 
to fig 
1, the UAA 2010 
block 
diagram, 
and fig 2, a phase 
locked 
loop using the UAA 2010, 
the MC6805T2 
MPU and a 


TV tuner. 
The tuner's 
local oscillator 
output 
frequency 
is divided 
in a prescaler 
by 64 and then 
fed to the MC6805T2, 


which 
includes 
a variable 
divider, 
controller 
by 
the processor, 
a reference 
divider 
and a phase 
comp- 
arator. 
By means 
of this circuitry 
the local oscillator 
frequency 
is further 
divided 
by a number 
determining 
the TV channel 
and compared 
to a fixed 
reference 
freq- 


uency 
inside 
the MPU. The output 
voltage 
of the phase 
comparator 
is filtered 
by using the operational 
amplifier 
of the 
UAA 2010 
and then 
serves as the control 
voltage 
for the local oscillator 
varicap. 
To facilitate 
tiltering 
of the reference 
frequency 
the op 
amp is designed 
for a very low input 
bias current 
(1 nA 
typ). 
The standard 
filter 
set up is shown 
in fig 2 with 
the 
frequency 
response 
shown 
in fig 3. To ensure 
loop stab- 


ility the response 
is flat around 
the frequency 
where 
the 
overall 
loop gain is unity. 


The UAA 2010 
also receives 
band switching 
information 
from 
the 
MPU and applies 
it to the tuner 
by means 
of a 
shift 
register, 
latches, 
and buffers. 
The 5-bit band 
switch· 
ing information 
is transferred 
by the signals 
DATA. 


CLOCK 
and VDR 
(chip select); 
these 
inputs 
are 
designed 
to accept 
TTL levels. The CLOCK and DATA 
lines can be shared 
with other 
systems 
having 
other 
I/O 
devices. 
Fig 4 shows 
the circuit's 
timing 
diagram. 
On the negative 
going VDR 
edge the latches 
are disconnected 
from 
the 
~hift re51ist~r a.ng new information 
is shifted 
in. On the 
positive 
going VD R edge the latches 
are reconnected 
thus transferring 
new band 
information 
to the buffers 
and the tuner. 


The shift 
register 
also has a data 
output, 
this allows 
the 
MPU to pass data 
through 
the UAA 2010 
and drive 
further 
circuits 
from 
the same 
DATA 
and chip select 
pins. The UAA 2010 
shifts 
and outputs 
data 
on the 
positiv~ 
going clock 
edge where 
the following 
circuits 
are 
intended 
to shift 
data 
on the negative 
going edge. 
For 
reliable 
data transfer 
the 
UAA 2010 should 
always 
be 
the first circuit 
in line as the clock 
signal consists 
of 
negative 
going pulses. 
The latches 
control 
five buffers. 
Buffer 
B1 has an open 
collector 
output 
(see fig 5) and may be used to output 
any information 
from 
the MPU. Buffers 
B2 to B5 are 
band 
buffers 
specially 
designed 
to control 
external 
PNP 
drive transistors. 


pas. INPUT 
- 
(pin 1) This is the non·inverting 
input 
to the operational 
amplifier 
and needs 
an external 
ref- 


erence 
bias. 


OP. AMP. OUT 
- 
(pin 2) This is the tuning 
voltage 
output, 
designed 
for direct 
control 
of the tuner's 


varicap. 


DATA 
OUT 
- 
(pin 4) This pin is the data 
output 
of 
the shift 
register. 
The output 
is designed 
to allow 
cascading 
other 
circuits 
using the same VDR 
signal. 


B1 
- 
(pin 5) 
This pin is an open 
collector 
buffer 
output 
of the first shifted 
bit. When shifting 
a logic '1' the out· 


put transistor 
is ON. 


BAND 
DRIVER 
OUTPUTS 
- 
(pins 6, 7, 9 & 10) 
These 
outputs 
control 
external 
PNP transistors 
for band switch- 


ing. When shifting 
a logic '1' the appropriate 
band 
buffer 
(external 
PNP) is ON. 


I'L 
SUPPLY 
- 
(pin 11) This pin needs 
an external 


resistance 
to set up the 12 L injector currents. 
The 
characteristic 
of the pin is that 
of a forward 
biassed 
diode 
to pin 15 (ground) 
plus a series resistance 
of about 


60n. 


VDR 
- 
(pin 12) 
This is the chip select 
and is active 


when 
low, 


CLOCK 
- 
(pin 13) 
This pin delivers 
the clock 
signal to 
the shift 
register, 
which 
accepts 
shifts 
and outputs 
data 
on the positive 
going edge. 
It should 
be noted 
that 
with- 
in the VDR 
window, 
when 
VDR 
is low, the clock 
has to 
be high at the begining 
and end of the clock 
pulse train. 


DATA 
- 
(pin 14) 
Data is entered 
serially 
into the circuit 
via this pin and passed 
directly 
to the shift 
register. 
In 
turn 
this controls 
the latches 
and band 
buffers. 


NEG. 
INPUT 
- 
(pin 16) 
This is the inverting 
input 
of 
the op amp with a typical 
input 
bias current 
of 1nA, 


reducing with increasing temperature. 


MPU 
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PLL- 
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-~O 
SEATING 
PlA,\j[ 


MtlllMETEMS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MA' 


A 
20.70 
21.34 
0.815 
0.840 
8 
6.10 
6.60 
0.2'0 
0.260 
e 
406 
4.57 
0.160 
0180 


D 
0.38 
0.51 
0.0'5 
0020 
f 
102 
1.52 
0.040 
0.060 


G 
2.548se 
0.I008se 


H 
1.32 
183 
0.052 
0072 
J 
0.20 
0,30 
! 0.008 
0.012 


K 
2.92 
3,43 
I 0.115 
0.135 


l 
7.37 
7.87 
0290 
0.310 
M 
10" 
.oo 


N 
OS, 
1.02 
0020 
0.040 
P 
0.13 
0.38 
0005 
! 0.0'5 


Q 
0.51 
0.76 
0020 
0.030 


>-- 
l--.; 


I 
I 
fa. 
g 
i: 
•.JL 


NOTES 
, 
lEADS 
WITHIN 
0.13 mm 


W.OOS} 
RADIUS 
OF TRUE 
POSITION 
AT SEATING 
PLANE 
AT MAXIMUM 


MATERIAL 
CONDITION. 


2 
DIMENSION 
"l" 
TO 


CENTER 
OF lEADS 


WHEN 
FORMED 
PARAUEl 


UAA2011 


Product Preview 


The 
UAA2011 
is a dual 
loop 
time 
base 
with 
the 
line 
oscillator 
running 
at 
125 KHz, 
followed 
by 
a divide 
by 
8 counter 
for 
line 
frequency. 
Frame 
frequency 
is derived 
by counting 
down 
from 
the 
line oscillator. 


• Phase comparison 
between 
sync pulse and oscillator 


• Phase comparison 
between 
oscillator 
and fly back or scan 


• Lock detector 
on filter 
switch 


• Adjustable 
burstgate 
width 


• Output 
stage for darlington 
drive 


• Adjustable 
output 
duration 
allows 
"Wessel 
Power 
Supply" 


• Countdown 
operation 
for 625 
or 525 lines with output 
for driving 
colour 
system 
switch 


• Blanking 
output 
starts 
prior 
to vertical 
sync. pulse and has accurate 
length 


UAA2022 


The 
UAA 
2022 
is a 16-bit 
serial 
data 
input 
to a 16-segment 
LED 


driver. 
Brightness 
control 
of common 
anode 
LE D's from 
an external 
control 
voltage 
is possible. 
The UAA 2022 
is particularly 
suitable 
for 


Hi-Fi applications 
and is implemented 
in 12L linear 
technology 
. 


• LED brightness 
control 
voltage 


SILICON MONOLITHIC 


INTEGRATED 
CIRCUIT 


LAST,.no 
F1ItST,.TfD 
lIT 
lIT 


~ 
• 
CDIfTIIOl 
n 
Ycc 


Lm TfST 
• 
(IL-...u 


LATCHES 


YI5I 
• 
filM) 


fiZS5 
• 
II 
IllATA 
.1lT1NfT~ 
OUT 


IllATA 
2'1 


Rating 
Pin 
Symbol 
Value 
Unit 


Logic Input Voltages 
19,20,21 
VlOG 
10 
V 


Control Voltage 
16 
VCO 
10 
V 


Supply 
Vol,age 
17 
VCC 
10 
V 


Control Voltage 
18 
VlE 
10 
V 


Data Out, max. Voltage (10= 
2mA) 
22 
VD 
10 
V 


Buffers 
1 '06 


Ou,pu, 
Vol'age 
(VCC = Vco = 5.5VI 
8 '015 
VBB 
6 
V 


23,24 
All Buffers ON 


·Storage Temperature 
TSTG 
-50'0 
+150 
·c 


Operating Ambient Temperature 
TA 
0'070 
·c 


Characteristic 
Symbol 
Min 
Max 
Unit 


Clock "High" -Time 
'CH 
3 
~s 


Clock "Low"·Time 
'Cl 
3 
~s 


Negative going VDR 
Edge to first Clock Edae 
'lVC 
10 
~s 


Last Clock Edge to positive going V DR Edge 
'lCV 
1 
~s 


Data Change to positive going Clock Edge 
'lDC 
1 
~s 


Positive going Clock Edge to Data Change 
'LCD 
3 
~s 


Rise Times of Digital Inputs VDR, 
Clock, Data 
'RV' 
'RC' 
'RD 
2 
~s 


Fall Times of Digital Inputs VDR, 
Clock, Data 
'FV' 
'FC' 
'FD 
2 
~s 


ELECTRICAL 
CHARACTERISTICS 
(VCC = 5V, 
TA = 25 °Cl 


Ch.rac:teriltic 
Pin 
Symbol 
Mln 
Typ 
Max 
Unit 


Logic Input 
Levels, VDR, 
Clock, Data 
19,20,21 
VLoG 


Low State 
'0 
0.8 
V 


High State 
2 
6 
V 


Logic Input Currents 
ILoG 


Low'State 
-100 
jlA 


High State 
10 
jlA 


Control 
Voltage 
Range 1) 
16 
VCo 
0 
VCC 


Supply Voltage 
17 
VCC 
4.5 
5.5 
V 


Control 
Current 
16 
ICo 
1 
mA 


Control 
Voltage, 
LED Test 
18 
VLE 


Low Level (no Logic SupplV, all Buffers ON) 
0 
0.5 
V 


High Level (normal Operation) 
4.5V 
VCC 


Data Out (figure 21 


Output 
Voltage, 
Logic "0" 
l1mAl 
VD 
0.5 
V 


Internal 
Pull-Up 
Resistor 
15 
kn 


Buffers 
1 to 6, 


Mean Value of min. and max. Buffer Currents 
8 to 15, 
188 
9 
11 
13 
mA 
23,24 
(VCo; 
VCC' 
VLE; 
OJ 


Buffer Current 
Variation 
around IBB 
-7% 
+7 % 


Saturation 
Voltage 
Vs 
1.2 
1.8 
V 


Output Impedance 
'out 
100 
kn 


Leakage Current 
IV 88 ; 
5Vl 
18L 
10 
jlA 


Supply Current 
LED-Test Iv LE ; 
5Vl 
18 
ILE 
3 
4.3 
6 
mA 


Supply Current 
17 
ICC 
18 
50 
mA 


Power Dissipation, 
all Buffers ON 
650 
mW 


(VCo; 
VLE; 
Vccl 
at V88; 
2.9V 


Ambient 
Temperature 
TA 
0 
70 
·C 


Package 
Thermal 
Resistance 
Rth 
70 
·CIW 


All Voltages referenced to ground (Pin 7) 


11 
Brightness 
goes to zero at 2V 


The 
UAA2022 
is 
intended 
to 
control 
common 
anode 
LED's 
and 
allows 
brightness 
variation 
from 
an external 
control 
voltage. 
Since 
it is not multiplexed 
it is particularly 


suited 
for hi-fi applications 
etc. 


The 
circuit 
receives 
16 
bit 
serial 
data 
by 
means 
of the 
digital 
inputs 
VDR 
(chip 
select). 
Clock 
and 
Data 
(TTL- 


levels). 
The 
information 
is fed 
into 
a shift-register, 
and 
then 
is stored 
in latches 
which 
in turn 
control 
the output 
buffers. 
These 
output 
buffers 
(segment 
drivers) 
have 
current 
source 
characteristics 
(see 
figure 
2a). 
thus 
no 


external 
resitors 
are needed 
to set up the segment 
currents 
(for 100 % luminosity). 


Figure 
3 shows 
the 
timing 
diagram 
of the circuit. 
On the 
negative 
going 
VDR-edge 
the 
latches 
are 
disconnected 


from 
the 
shift 
register 
and 
new 
information 
is shifted 
in. 


On 
the 
positive 
VDR-edge 
the 
latches 
are 
reconnected, 


thus 
transferring 
new 
information 
to 
the 
outputs. 
(See 
figure 
2b.) 


The 
shift 
register 
also has a data 
output. 
(See figure 
2b.) 


This 
allows 
the 
microprocessor 
to 
pass data 
through 
the 


UAA 2022, 
and 
thus 
drive 
further 
circuits 
from 
the same 


data 
and 
chip-select 
pins. 
The 
UAA 
2022 
shifts 
and 
outputs 
data 
on 
the 
positive 
going 
clock 
edge. 
Thus 
for 
reliable 
data 
transfer, 
it has 
to be the 
first 
circuit 
in the 
line, 
when 
connected 
in series with 
circuits 
which 
shift 
on 
the 
negative 
going 
clock 
edge. 
The 
circuit 
is cascad- 


able 
and 
can 
be 
cascaded 
with 
the 
UAA2000 
and 


UAA2001/2010. 


These 
outputs 
have current 
source 
characteristics 
to drive 
the LED segments 
without 
external 
resistances. 


Serves 
to 
vary 
the 
output 
currents 
of the 
buffers. 
Th is 


. pin 
has 
to 
be connected 
to 
VCC (pin 
17) for maximum 
luminosity. 
The 
buffer 
currents 
decrease 
linearly 
with 
the control 
voltage, 
going down 
to zero at about 
2V. 


This 
pin 
supplies 
the 
logic 
section 
of the 
circuit, 
when 
connected 
to ground 
all output 
buffers 
are switched 
on. 


which 
accepts 
shifts 
and 
outputs 
data 
on 
the 
positive 
going 
edge. 
It 
should 
be 
noted 
that 
within 
the 
VDR· 


window, 
when 
VDR 
is low, 
the 
clock 
has 
to be high 
at 
the beginning 
and the end of the clock 
pulse 
train. 


Data 
is entered 
into 
the 
device 
serially 
via this 
pin 
and 


passed 
directly 
into 
the shift 
register. 
In turn, 
this controls 
the latches 
and output 
buffers. 
(Logic 
"1" = Buffer 
ON) 


Is the 
data 
output 
of the 
shift 
register. 
Allows 
cascading 
with circuits 
operating 
on the same VDR and clock signals. 


OUT 
H.' 
ltol$, 
23.24 
11 CURRENT 
CONTROl 


22 
DATA 
OUT 


CLOCKING 
ON 


POSITIVE 
GOING 
EDGE 


RADIO INTEGRATED CIRCUITS 


CASE 314A 
CASE 3148 


,.- 
• 
'. 


CASE 626 


, 
- 


CASE 632 (T0116) 
CASE 646 (T0116) 


CASE 648 I 


Device 
Designation 
Package 
Page 


MC1306P 
1/2-Watt 
Audio 
Amplifier 
626 
4-3 
MC1309 
FM Stereo Demodulator 
646 
4-8 
MC1310 
FM Stereo Demodulator 
646 
4 - 10 
MC3357 
Low 
Power FM/IF 
648 
4 - 18 
MC3359 
High Gain Low Power FM/IF 
701 
4 - 22 
MC3393P 
Two Modulus 
Prescaler 
626 
4 - 25 
MC3396P 
Divide by 20 Prescaler 
626 
4 - 27 
MC6203 
Remote Control 
Receiver 
710 
3 - 23 
MC6220 
MCU with 
PLL 
710 
4 - 29 
MC14430 
Input Address Encod er 
648 
3 - 47 
MC14497P 
CMOS PCM Remote Control 
Transmitter 
707 
3 - 55 
MC144100 
CMOS Duplex 
Mode 32-Segment 
LED Driver 
709 
3 - 67 
MC144110 
CMOS Hex Static D/A Converter 
707 
3 -74 
MC144111 
CMOS Quad Static D/A Converter 
646 
3 - 74 
MC144115 
CMOS 2-Digit/16-Segment 
LCD Driver 
709 
3 -80 
MCM2801 
NMOS 16 x 16 Electrically 
Erasable PROM 
632 
3 - 86 
MCM144102 
CMOS 16/16 Word-Static 
Ram 
626 
3 - 98 
SAA1006 
Diode Matrix 
Encoder 
648 
3 - 103 


SMA2001 
See MCM2801 
632 
3 - 86 
TBA120C 
FM/IF 
Amplifier 
+ Limiter 
and Detector 
646 
3 - 105 


TBA120D 
FM/IF 
Amplifier 
+ Limiter 
and Detector 
646 
3 - 105 
TBA2110 
FSK Demodulator 
646 
3 - 121 


TCA4500A 
FM Stereo Demodulator 
648 
4 - 31 
TCA5500 
Stereo Sound Control 
System 
707 
3 - 124 


TDA2002, 
A 
Audio 
Power Amplifier 
314A/314B 
3 - 132 
UAA2002 
Frequency 
Synthesizer 
Prescaler 
646 
4 - 38 
UAA2003 
PL L Interface 
648 
4 - 43 
UAA2022 
16-B it LED Driver/or 
MPU Interface Unit 
724 
3 - 182 


JJA758A 
PLL FM Stereo Demodulator 
648 
4 - 47 


__ 
M_C_13_06_P__ 
1 


The MC 1306P is a monolithic 
complementary power amplifier and 
preamplifier 
designed to deliver 1/2·Watt into a loudspeaker with a 
3.0 mV(rms) 
typical 
input. 
Gain and bandwidth 
are externally 
adjustable. Typical applications include portable AM·FM radios. tape 
recorder, phonographs. and intercoms. 


• 
1/2·Watt Power Output (12 Vdc Supply, B·Ohm Load) 


• 
High Overall Gain - 3.0 mV(rms) Sensitivity for 1/2,watt Output 


• 
Low Zero·Signal Current Drain - 4.0 mAdc @ 9.0 V typ 


• 
Low Distortion 
- 0.5% at 250 mW typ 


100 of 


Tone ContraiL 
1.0 Mtg U 


100.F 
XTA~1.0Megn 
= 
--J 
O.OOl.F 1.0 Meg II 


O.OI.F 
Volume 


Control 
l 


lOk 
1.0k 
~ 
O.I.F 


Volume 


':' 
Control 


Rating 
Symbol 
Velue 
Unit 


Power Supply Voltage 
V+ 
15 
Vdc 


load Current 
IL 
400 
mAdc 


Power Dissipation (Pack. 
Limitation) 
Po 
TA - +250C 
625 
mW 


Derat. above T A : +2SoC 
1/8JA 
5.0 
mW/oC 


Operating Temperatur. 
Range 
TA 
o to +75 
°c 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


ELECTRICAL 
CHARACTERISTICS 
(V+ = 9.0 V, RL = 8.00hms, 
f = 1.0kHz, 
(using teslcircuil 
of Figure Jl. TA = +250C 


unless otherwise 
noted.) 


Characteristic 
Symbol 
Min 
Typ 
MI. 
Unit 


Open Loop Voltage Gain 
AVOL 
VIV 
Pre-amplifier 
RL:l.0kohm 
- 
270 
- 


Power-amplifier 
RL' 
16 ohms 
- 
360 
- 


Sensitivity 
S 
- 
3.0 
- 
mV(rms) 
(Po = 500 mW) 


Output 
Impedance (Power-amplifier) 
Zo 
- 
0.5 
- 
Ohm 


Signal to Noise Ratio 
SIN 
- 
55 
- 
dB 
(Po = 150 mW, f = 300 Hz to 10 kHzl 


Total Harmonic Distortion 
THO 
- 
0.5 
- 
% 


(Po - 250 mWI 


Quiescent Output Voltage 
Vo 
- 
V+(2 
- 
Vdc 


Output Power 
Po 
.- 
mW 
(THO ':10%, V+ = 12 VI 
500 
570 


Current Drain (zero signal) 
10 
- 
4.0 
- 
mA 


Power Dissipation (zero signal) 
Po 
- 
36 
mW 


~+ 


1.0IJF 
4.7 It 


~ 
8.0 
.s~ 
z 
w 


~ 
6.0 


> 


~ 
4.0 


'"~ 
~ 
2.0 
ci 


6.0 
'1.0 
8.0 
9.0 
10 


V+. POWER 
SUPf'LY 
VOLTAGE 
(Vdcl 


TYPICAL 
CHARACTERISTICS 


(y+ = 9.0 Y. f = 1.0 kHz. TA = +2ljoC 
unless otherwise 
noted) 


FIGURE 5 - EFFICIENCY 


60 


THO' 
III 
Rt" 
8.0 ohms 


50 
~~~ 40 
U 
$ 
" 
30 


20 


10 
3.0 
H 
5.0 
6.0 
1.0 
8.0 
9.0 
10 
1\ 
12 
13 


V'. POWER SUPPl Y VOLTAGE 
(Vde) 


~ 
0.8 
:<~ 


ClC 
0.6 
~~ 
•... 


~ 
0.4 
"o 
of 


0.2 


o 
3.0 
4.0 
5~ri 
6.0 
7.0 
8.P 
9.0 
10 


V'. POWER SUPPl Y VOL TAGE (Vdcl 


4.0 
lz0 
3.2 
~ 
0 
/.4 
u 
~: 1.6 
..•x 
~ 
0 
•... 
0.8 
~ 


\ 
\ 
P:'100m~ 


1\ 
Rt;. 8.0 Ohms 
\. 
Cl' 
200.F 


'" " 
•.••....... - 
f-.- 


0.1 
1.0 


I. FREOUENCY 
(kHz) 


FIGURE 8 - EFFECT OF BATTERY AGING 
ON 1.0W-I.EVEI. DISTORTION 


4.0 
10 
l 
l 
90 
z 
z 
0 
0 
8.0 
~ 
3.0 
~ 
0 
~ 
10 
t;0 
0 6.0 
u 
u 
Z 
2.0 
~ 5.0 
0 
'~' 
~ 
~ 
'" 
4.0 
.. 
..• 
X 
X 
~ 
:I 


CI 
3.0 
~ 
~ 
0 
1.0 
0 
•... 
•... 
2.0 
C 
C 
x 
x 
1.0 
•... 
•... 


1.0 
ti.O 
5.0 
4.0 
3.0 


V'. SUPPl Y VOLTAGE IVlkl 


V'· 12 V 
Rt" 
8.0 Ohms 


o 
0.01 
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C4 


4PO,f 
" 
): 
I 


c, 


.. 


The MC1306P 
provi~.s 
th. 
designer 
with. 
means 
to control 
preamplifier 9Bin, power amplifier gain. input 
impedance. and 
frequency response. The followin9 relationships will serve asguides. 


1. Ciain 


The Preamplifi.r 
Stage Volt. Gain 
is: 


Rf 
AVA""Rs 


and is limited only by the open-loop~in 
{210 V/VI. 
For good 
preamplifier 
de stability 
Af should be no larger than l,Q.megohm. 


The Power Amplifier 
Voltage Gain is controlled in I similar 
manner 
where: 


10 k 
AVe"" 
"Rp- 


The 1Q·k ohm feedback resistor ISprovided in the integrated 
CirCUit. 


Recommended values of 
Rp r.n~ 
from 
SOO-ohmsto 3.3·k 
ohms. The low end is limited primarily by low-level distortion 
and 
the uppe.r end is limited 
due to the volta{18drive capabilities 
of the 
pre-amplifier. 
(A resistor can be added in the de feedback loop, 
from pin 6 to ground, to increasethis drivel. 
The Overall Voltage 
Gain, then, is: 


Rf 10k 
AVT 
= ---" 
Rs Rp 


2. 
Input Impedance 


The Preamplifier Input Impedance is: 


3. 
Frequency Response 


The low frequency response is controlled 
by the cumulativ. 
effect 
of 
the series coupling 
capacitors Cl. 
C2. and C3. 
High- 


frequency response can be determined by the feedback capacitor. 
ct. and the -3.0 dB point occurs when 


XCf 
= Rf 


Additional 
high frequency 
roll'off 
and noise reduction 
can be 
achieved by piecing I capacitor from the clnter 
point 
of Ap to 
ground as shown in Figure 10. 


Capacitor C4 and the RC network 
shown In dotted 
lines may 
be needed to prevent high frequency parasitic oscillations. 
The RF 
choke. shown in series with thl output. and capacitor C6 ar. used 
to prevent the high-frequency components in a large-signal clipped 
audio output 
waveform from r~iating 
into the AF or IF sectionl 
of a radio (Figure 101. 


•. 
Battery Operation 


The increa. 
of battery rnistance with. 
has two undMir.t)le 
effects on circuit 
performance. 
One effect 
is the increasing of 
amplifier distortion 
at low signal l8\lels. This is re~ily 
corrected by 
incroasing the size of the filter 
capecitor placed KrOll 
the battery 
(as shown in Figure 8; a ~ 
••F filter 
capKitor 
gives distortions 
at low·tonal levels that are comparable to the "stiff" 
supply!. 
The 
second effect of supply impedance is a lowering of power output 
capability for Iteady sig".ls. 
This condition 
is not correctable. but 
is of questionable importance for music and voice Signals. 


5. Application 
Examples: 
(1) 
The audio section of the AM-F~ 
radio (figure 
11 is adjusted for a preamplifier gain of 100 with an 
input impedance of lOok ohms. 
The power amplifier gain istet at 
10. whtch gives an overall volt. 
glin of 1(X)Q. The bandwtdth 
has been •• t at 10·kHz. 
121 Tha phono amplifier 
(Figure 21 is d. 
signed for a preamplifier 
gain of unity 
and a poWir amplifier gain 
of 10. 
The input impedance isl.().megohm. 
An edjustable treble 
control is provided within the fMdbac:k leop. 


Component 
Velue 


Cl 
200 ~F 


C2 
0.1 ~F 


C3 
0.05 ~F 


C4 
1.0~F 


C5 
47 pF 


Rl 
1 ohm 


R2 
1 k ohm 


R3 
4.7 k ohms 


R4 
270 k ohms 


MC1306 
- 
PC Boord 
- 


MC1309 


PHASE LOCK 
LOOP 
FM STEREO 
DEMODULATOR 


· .. a monolithic 
device using 12L and ION Implant technology for 
use in solid-state 
stereo 
receivers. 


• 
Requires No Inductors 


• 
Low External Part Count 


• 
Excellent Channel Separation Without Adjustment 


• 
Only 
Single Potentiometer 
Oscillator 
Frequency 
Adjustment 
Necessary 


• 
50 mA Lamp or LED Driving Capability With Current Limiting 


• 
Automatic, 
Transient-Free Stereo/Mono Switching 


• 
Wide Dynamic 
Range: 0.25-1.7 
VIp-pI 
Composite Input Signal 


• 
Wide Supply Range: 4.5-16 Vdc 


• 
Low 
Distortion: 
Typically 
0.08% at 850 mV(p-p) 
Composite 
Input Signal 


• 
Excellent SCA Rejection 


• 
Gain Adjustable By Changing Load Resistors 


PHASE LOCK 
LOOP 
FM STEREO 
DEMODULATOR 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


Pin 1 .• VCC 
Pin 2" 
Input 
Pin 3 •• Amplifier 
Output 
PI" 4 .• Left Channel Output 
Pi" 5 • Right Channel Output 
PI" 6" Lamp Indiutor 
Pin 7 .• Ground 


Cl .• 2.0jlF 
C2 - 0.0221'f' 
C3 - O.022I'F 
C4 - O.25I'F 
C5 - 0.051'F 
ClI- 0.51'F 
C7 - .70 pF 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 6.6 


C5 
C. 
,. 
13 
12 


MCI309 


• 


Al 
A2 


C3 


Lef, 
Right 
"=' 


Channel 
Ch.n~ 
Output 
Output 


Pin 
8 •• Switch 
F il.e, 
Pi" 
g .• Switch 
F il•• , 
Pi" 
10" 
19 kHz 
Output 
Pin 11 .• Modulator 
I "put 
Pi" 12 •• Loop Fi1t., 
Pin 13" 
Loop Fllt.r 
Pin , ••• 
Oscillator 
RC Network 


C8" 
O.251J.F 
R-1 .• 3.3 
kn 
A2 - 3.3 kl1 
A3 - 1.0 kl1 
A.-ll1kl1 
A5 - 5.0 kl1 


Cl 
Input..--.} 
+ 


A_inl 
Value 
Unit 


Power Supply Volt_ 
16 
Valli 


Lamp 
Current 
50 
mA 


Junction 
Temperatur. 
150 
°e 


Oper'ting 
Temper'tur. 
Range 
(Ambient) 
-20 to +75 
°e 


Storage 
Temper'ture 
Range 
-65 to +150 
°e 


ELECTRICAL 
CHARACTERISTICS 
Unle•• otherwise noted; 
Vee - +9 Vdc. TA • +250e. 
1.7 Vlpl') 
stlndlrd 
multipll' 
composite 


signal 
with 
Lor. 
R channel 
only 
modulated 
at 
1.0 
kHz 
and 
with 
10"" 
pilot 
level 
for 
stereo 
tests: 
1.7 
V(p-pl 
1 kHz 
input 
signal 
for monaural 


tetts; 
using 
circuit 
in Figure 
1. 


Characteristic 
Min 
Tvp 
Mo. 
Unit 


Current 
Drain 
- 
11 
- 
mAde 


Maximum 
Standard 
Composite 
Input 
Signal 
(0.5% 
THO)· 
Vlp·pl 
1Vce - 9.0 VI 
1.7 
2.1 
- 
(Vee - 6.0 VI 
0.85 
1.7 
- 


Maximl,tm 
Monaural 
Input 
Signal 
(1,0% 
THO)- 
Vlp-p) 
1Vee' 
9.0 V) 
1.7 
2.2 
- 
1Vee' 
6.0 V) 
0.85 
1.7 
- 
Channel 
Balance 
- 
0 
1.0 
d8 
Stereo 
THO 
- 
0.Q6 
- 


"- 
(Vin' 
0.85 VIp-pI) 


Monaural 
THO 
- 
0.08 
- 
"- 
(Vin' 
0.85 V(Pl'J 


Channel 
separation 
d8 
(f· 
100 Hz) 
- 
45 
- 
(f -1.0 
kHz) 
30 
47 
- 


(I-10kHz) 
- 
40 
- 


Monaural 
Gain 
0.6 
0.9' 
- 
VIV 
Input 
Impedance 
15 
30 
- 
kn 


Ultr8Sonic 
frequency 
Rejection 
19 kHz 
- 
35 
- 
d8 
38 kHz 
- 
45 
- 
SeA 
Rejection 
- 
75 
- 
dB 
Stereo 
Switch 
Level 
mV 
Lamp 
"On" 
- 
9.0 
12 
Limp "Off" 
2.0 
4.5 
- 
Mono/Stereo 
Switching 
Transient 
- 
No Lamp 
0 
mV 
Capture 
Range 
- 
!7.0 
- 


"- 
(Pilot· 
60 mV lAMS) ) 


MC1310 


.. 
a monolithic 
device 
designed 
for use In solid·state 
stereo 
receivers. 


• 
Requires 
no I nduetors 


• 
Low External Part Count 


• 
Only Oscillator Frequency Adjustment Necessary 


• 
Integral Stereo/Monaural Switch 75 mA Lamp Driving Capability 


• 
Wide Dynamic Range:0.5-2.8 
V(p·pl Composite 
Input Signal 


• 
Wide Supply Range: 8-14 
Vdc 


• 
Excellent Channel Separation Maintained Over Entire Audio 
Frequency Range 


• 
Low Distortion: 
Typically 0.3% THO at 560 mV IRMSI 
Composite Input Signal 


• 
Excellent SCA Rejection 


FM STEREO 
DEMODULATOR 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


PI" ~ •• VCC 
Pin 2" 
Input 
Pin 3 •• Amplifier 
Output 
Pin •.• 
Left Channel Output 
Pin 5 .• Right 
Chennel 
Output 
Pin C!i.• Lamp 
Indicator 
Pin 7 .• Ground 


c•• 2.0 II. 
C2' 
0.02 IIF 
C3" 0.02"F 
C•.• 
0.25 
Jl.F 
C5 '"'0.05"F 
C6' 
0.5 IIF 
C7 •• 
70 pF 


19 kHt 


C8 
Outj)ut 


R3 C6 


C5 
C. 
,. 
13 
.2 


MC1310 


• 
5 


R. 
R2 


C3 


Left 
Right 
-: 


Channel 
Channel 


Output 
Output 


Pin 
8 .• Switch 
F i1ter 
~ 
Pin 
9'"' Switch 
Filt., 


Pin 10" 
19 kHz Output 
Pin 11 .• Modulator 
Input 
Pin 12"" 
Loop 
Filter 
Pin 13" 
Loop Filter 


Pin 
14 .• Oscillator 
RC Network 


<:8' 0.25 "F 
Al •• 3.9 kO 
R2· 3.9 kn 
R3' 
1.0kn 
R.•.• 
16 kn 
A5' 
5.0 kn 


Rating 
Value 
Unit 


Power Supply Voltage 
14 
Volts 


Lamp Current 
75 
mA 


Power Dissipation 
625 
mW 
(Package limitation) 


Derate above T A = +250C 
50 
mW/oC 


Operating Temperature 
Range (Ambient) 
-40 to +85 
°c 


Storage Temperature 
Range 
-65 
to +150 
°c 


Characteristic 
Min 
TVp 
Max 
Unit 


Maximum 
Standard Composite Input Signal (0.5% THO) 
2.8 
-' 
- 
Vlp-p) 


Maximum 
Monaural Input Signal (1.0% THO) 
2_8 
- 
- 
V(p-pl 


Input Impedance 
20 
50 
- 
kn 


Stereo Channel Separation 
30 
40 
- 
dB 


Audio Output 
Voltage (desired channell 
- 
485 
- 
mVIRMSI 


Monaural Channel Balance (pilot tone "off") 
- 
- 
1.5 
dB 


Total Harmonic Distortion 
- 
0.3 
- 
% 


Ultrasonic Frequency Rejection 
19 kHz 
- 
34.4 
- 
d8 
38 kHz 
- 
45 
- 


Inherent SC A Rejection 
dB 
(f = 67 kHz; 9.0 kHz beat note measured 
- 
75 
- 


with 
1.0 kHz modulation 
"off") 


Stereo Switch Level 
mVIRMS) 


19 kHz input level for lamp "on" 
- 
- 
20 
19 kHz input level for lamp "off" 
5.0 
- 
- 


Capture Range (permissible tuning error of internal oscillator. 
- 
±3.5 
- 
% 
reference circuit values of Figure 1) 


Current Drain (lamp "off") 
- 
13 
- 
mAde 


4 


Left 
Channel 
Output 


Modulator 
Loop 


Input 
Filter 
,-- 
3 
11 
13 
12 


Qse 
AC 
Ntwk 


14 


5 
Right Channel 
Output 


9 
8 
--....-- 
Switch 
Filter 


6 
Lamp 
Indicator 


10 


19 kHz 
Output 


TYPICAL 
CHARACTERISTICS 


Unless otherwise 
noted 
Vec 
= +12 Vdc. 
TA 
= +250C: 
560 mVIRMSl 
12.8 V(popJ) 
standard 
multiplex 


composite Signal with Lor 
R channel only modulated at 1.0 kHz and with 100 mVIRMSI 


pilot level 110%), using 
CirCUIt 
of Figure 1 


FIGURE 
3 -- CHANNEL 
SEPARATION 
vo"u, 


COMPOSITE 
INPUT 
LEVEL 
FIGURE 
4 -- CHANNEL 
SEPARATION 
vo,,,,, FREQUENCY 
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FIGURE 
11 - 
CURRENT 
DRAIN 
v ••••• 
s SUPPLY 
VOLTAGE 


14.5 


"! 14 


•...~ 
~ 
13.5 
~ 
z 
~ 
13 
o 
>~ 
~ 
12.5 


LAMP ··OFF" 


7 
./ 
./ 
./ 
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./ 


8.0 
10 
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SUPPL y VOLTAGE 
IVdc) 


-Me.sured 
with 
Low PassFilter 
(SW::E 15 kHz) 
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..••..•..... 


~ 
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...........• 


- 


~ 
19.4 
~ 
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~i 
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c=J 
= External 
to Decoder 


Figure 
13, on the prevIous page, shows the system 
block 
diagram. 
The upper 
lille, 
compriSing 
the 38·kHz 


regeneration 
loop 
operates as follows: 
the Illternal 
os· 


cillator 
running 
at 
76·kHz 
and 
feeding 
through 
two 
divider 
stages returns a 19·kHz signal to the Input mod· 


ulator. 
There the returned 
signal IS multiplied 
with 
the 


Incoming 
Signal so that 
when 
a 19·kHz 
pilot 
tone 
is 


received 
d de component 
is produced. 
The 
de component 


IS extracted 
by the 
low 
pass 
filter 
and used 
to control 


the 
frequency 
of 
the 
il'"'ternal 
oscillatol 
which 
con 


sefluently 
become> phase locked 
to the pilot 
tone. With 


the oscillatol 
phase·locked to tl'o 1"lot the 38·kHz 
out 


put 
flom 
the 
first 
ulvicJer 
IS In the 
correct 
phase 
for de- 


rod,ng 
a ~tereo 
signal 
The 
decoder 
1$ essentially 
another 


modulator 
in 
which 
the 
incoming 
signal 
is multiplied 
by 


the regenerated 38·kHz 
signal. The regenerated 38·kHz 
signal IS fed to the stereo decoder via an internal switch, 
which 
closes when a sufficiently 
large 19 kHz pilot tone 


is received. 


The 19·kHz signal returned to the 38-kHz regeneration 
loop 
modulator 
is in quadrature 
with 
the 19-kHz pilot 


tone 
when 
the 
loop 
is locked. 
With 
the third 
divider 
state appropriately 
connected, 
a 19-kHz signal in phase 
with 
the pilot 
tone is generated. This is multiplied 
with 


the 
incoming 
signal 
in 
the 
stereo 
switch 
modulator 
yielding 
a dc component 
proportional 
to the pilot 
tone 
amplitude. 
This component 
after 
filtering 
is applied 
to 
the trigger circuit 
which activates hoth the stereo switch 
and an indicator 
lamp. 


APPLICATIONS 
INFORMATION 


(Component 
numbels 
refer to Figure 
1} 


Input 
coupling 
capacitor, 
2.0 /IF 
is 


lecommended 
but 
a 
lower 
value 
1$ 


permissible 
If reduced 
separation 
at low 


frequencies 
IS acceptable. 


See Maximum 
Load 
Resistance 
section. 


Filter 
capacitor 
for 
stereo 
switch 
level 


detector; 
time 
constant 
is C4 
x 53 


kilohms 
±30%, 
maximum 
dc 
voltage 
appearing 
across C4 is 0.25 
V (pin 
8 
positive) 
at 100 mV(RMS) 
pilot 
level. 


The 
signal 
voltage 
across C4 is neg· 


liglble. 


See Phase Compensation 
section. 


Phase·locked 
loop 
filter 
components; 


the following 
network 
is recommended: 


Rl, 
R2, C2, C3 


C4 


C5 


R3, C6, C8 


R3 
C6 
"rJ" 


When less performance 
is required 
a 
simpler network consisting of R3" 
100 


ohms and C6 = 0.25 /IF 
may be used 


(omit 
C81. See Figure 9. 


Oscillator 
timing 
network; 
recom- 
mended values: 
C7=470pF 
R4= 
16kSl 


R5=5kSl 


1% 
1% 
Preset 


These values give ±3.5% typical capture 
range. Capture range -may be increased 
by reducing C7 and increasing R4, R5 
proportionally 
but 
at 
the cost of in- 
creasing beat·note 
distortion 
(due to 
oscillator-phase 
jitter) 
at 
high-signal 
levels. See Figure 12. 


Stereo Lamp 
Nominal 
rating up to 75 mA at 12 V; 


the 
circuit 
includes 
surge 
limiting 
which 


restricts 
cold-lamp 
current 
to approx- 


imately 
250 mA. 


19·kHz Output 
A 
buffer 
output 
providing 
a 3.0-Vpk I 
square wave at 19 kHz 
is available at 
pin 
10. A frequency 
counter 
may be 
connected 
to this point to measure the 
oscillator 
free-running 
frequency 
for 
alignment. 
See Alignment 
section. 


External 
Monaural/Stereo 
Switching 


If 
it 
is 
desired 
to 
maintain 
the 
circuit 
in 
monaural 


mode, the following 
procedure 
must be followed. 
First, 


the stereo switch 
must be disabled to prevent false lamp 
triggering. 
This can be accomplished 
by connecting 
pin 8 
negative 
or 
pin 
9 positive 
by 0.3 volt. 
Pin 8 may be 
grounded 
directly 
if desired. Note that the voltage across 
C4 increases to approximately 
2 volts with 
pin 9 positive 
when pin 8 is grounded. 


Second, 
the 
76-kHz 
oscillator 
must 
be 
killed 
to 
prevent 
interference 
when 
on 
AM. 
This 
can 
be ac- 
complished 
by connecting 
pin 14 to ground via a current 


limiting 
resistor (3.3 kilohms is recommended). 


PhaseCompensation/I 
F Roll-off 
Compensation 


Phase-shifts in the circuit 
cause the regenerated 
38- 


kHz sub-carrier 
to lead the original 
38 kHz by approx- 


imately 
2° 
The 
coupling 
capacitor 
C5 
generates an 


additional 
lead of 3.50 (for C5 = 0.05IJF) 
giving a total 
lead of 5.50 
The 
circuit 
is so designed that 
phase lag may 
be 
generated by adding a capacitor 
from 
pin 3 to ground. 


The 
source 
resistance at 
this 
point 
is 500 ohms. 
A 


capacitance of 820 pF compensates the 5.50 phase lead: 
increase above 
this 
value causes the regenerated sub- 


carrier 
to lag the original. 
However, a 5.50 phase error 
if 
left 
noncompensated 
will 
not 
degrade separation 
appreciably. 


Note that 
these phase shifts occur within 
the phase· 


locked 
loop 
and 
allect 
only 
the regenerated 38·kHz 


sub-carrier: 
the 
circuit 
causes no 
significant 
phase or 
amplitude 
variation 
in the actual stereo signal prior 
to 
decoding. 


Most 
IF 
amplifiers 
have a frequency 
response that 


limits 
separation to a value significantly 
lower than the 
capability 
of the MC1310. 
For example, if the response 


produces a l·dB roll·oll 
at 38 kHz, the separation will be 
limited 
to about 32 dB. This error can be compensated 
by 
using an RC lead network 
as shown in Figure 
14. 


The exact values will 
be determined 
by the IF amplifier 
design. 
However, 
the 
values shown 
in 
Figure 
14 are 


suitable 
for 
use with 
the 
MC1357 
and 
MC1375 
IF 
amplifiers. 


Voltage Control Oscillator 
Compensation 


Figure 10 illustrates 
noncompensated Oscillator 
Drift 
versus temperature. The recommended TC of the R4, R5, 
C7 
combination 
is 
-300 
PPM. 
This 
will 
hold 
the 
oscillator 
drift 
to approximately 
± 1% over a temperature 
range of -40 
to '+850C. 
Allowing 
±2% for aging of the 
timing 
components 
acceptable performance 
is still 
ob- 


tained. 


Lamp Sensitivity 


It may be desirable in some cases,to change the lamp 


sensitivity 
due 
to 
differing 
signal levels produced 
by 
various 
FM 
detectors. 
The 
lamp 
sensitivity 
can 
be 
changed by making use of the external 
circuit 
shown. 


Typical 
sensitivities 
versus potentiometer 
rotation 
are 
also shown in Figure 15. 


FIGURE 
15 - 
PILOT 
SENSITIVITY 
versus 
POTENTIOMETER 
ROTATION 
--------- 
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Alignment 
Procedure 


The 
optimum 
alignment 
procedure, 
with 
no 
input 
signal applied, is to adjust R5 until 
19.00 kHz is read at 


pin 10 on the frequency counter. 


Another 
procedure 
requiring 
no 
equipment, 
other 


than 
the 
receiver 
itself, 
will 
result 
in 
separation 
of 


within 
a few 
dB of 
optimum. 
This latter 
method 
is 


merely 
to 
tune the receiver to a stereo broadcast and 
adjust 
R5 until 
the pilot 
lamp turns "on". 
To find the 


center of 
the 
lock·in 
range, rotate 
the 
potentiometer 
back and forth 
until 
the center of the lamp "on" 
range 


is found. This completes the alignment. 


Alternate 
Ti ming Network 


The alternate timing 
network 
shown, incorporating 
a 


trimmer 
capacitor 
rather than a potentiometer, 
may be 


used if 
desired. Again, 
to provide 
correct 
temperature 


compensation, 
the temperature 
coefficient 
of the timing 


network 
must be approximately 
-300 PPM. 


Pin 
14 


,..1 
!'~o, f,,~o, 


Maximum 
Load Resi$tance 


The curve shown 
gives absolute 
maximum 
load reo 


sistance values versus supply voltage used for full·signal 
handling 
capability. 
With desired load resistance choose 
C2, C3 capacitors to provide standard 75IJs de-emphasis. 


wuz«t;~ 
'"0 
~ 5,0 
~ 
'"~ 
X 
30 
«~ 


different 
types of input is as follows: 


INPUT 


Single-Channel 
Composite Signal 
0,45 


Monaural 
Signal 
0,5 


These figures are for 3_9-kilohm load resistors and for 
low-audio 
frequencies 
where 
de-emphasis 
roll-off 
is 
insignificant. 


Capture Range versus Ti ming Components 
The capture range can be changed to some extent 
by 
use of different 
timing 
components, 
Typical 
values are 
shown in Figure 12, 


Composite Signal 


Due to confusion 
concerning the measurement of the 
stereo composite 
signal, a curve showing 
both 
RMS and 
pop composite 
levels 
versus 
pilot 
level 
follows, 
see 
Figure 18, 
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includes 
Oscillator, 
Mixer, 
Limiting 
Amplif,er, 
Quadrature 
D'scriminator, 
Active 
Filter, 
Squelch, 
Scan Control, 
and Mute 
Switch 
The MC3357 
;s deSigned for use in FM dual conversion 


communications 
equipment 
. 


• 
Excellent 
Sensitivity: 
Input 
Limiting 
Voltage 
- 
1-3.0 dB) = 50 IJV (Typ) 


MC3357 


LOW POWER 
FMIF 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


Crvstal 
~ 
1 


Osc. 
1 


Limite, 
Output 


Quod 


Input 


Audio 
Mut. 
Sc.en 


Control 
Squelch 
2 Input 
1~I~::tut 


Filt.r 
Input 
O.moduletor 


Output 


Rating 
Pm 
Symbol 
Value 
Unit 


Power 
SUpply 
Voltage 
4 
Vcclmaxl 
12 
Vdc 


Operating 
Supply 
Voltage 
Range 
4 
VCC 
4 toB 
Vdc 


Detector 
Input 
Voltage 
B 
- 
1.0 
Vp-p 


Input 
Voltage 
(VCC 
". 6.0 
Volts) 
16 
V,6 
1.0 
VRMS 


Mute 
Function 
14 
V,4 
-0.5 
to 5.0 
Vnk 


Junction 
Temperature 
- 
TJ 
150 
°c 


OperatIng 
Ambient 
Temperature 
Range 
_. 
TA 
-30 
to +70 
°c 


Storage 
Temperature 
Range 
_. 


Tn" 
-65 
to'" 
150 
°c 


CharacteristiC 
Pin 
Min 
TVp 
Max 
Unit 


DraIn 
Current 
4 
mA 


Squelch 
Oft 
- 
2.0 
- 


Squelch 
On 
.. 
3.0 
5.0 


Input 
LImiting 
Voltage 
16 
...- 
5.0 
10 
.V 


1-3 
dB 
LimitIng) 
- 
-- 
Detector 
Output 
Voltage 
9 
...- 
30 
- 
Vdc 


Detector 
Output 
Impedanc.e 
- 
- 
400 
- 
II 


Recovered 
Audio 
Output 
Voltage 
9 
200 
350 
- 
mVrms 


(V1n" 
10mV) 
. 


Filter 
GaIn 
'10 
kHz) 
- 
40 
46 
- 
dB 


(Vln 
. 5 mV) 


Filter 
Output 
Voltage 
11 
1.8 
2.0 
2.5 
Vdc 
- 


Tugger 
HysteresIs 
-- 
- 
100 
- 
mV 


Mute 
F unCtIon 
Low 
14 
- 
15 
50 
!l 


Mute 
Function 
High 
14 
1.0 
10 
_. 
M!! 


Scan 
F unction 
Low 
(Mute 
Off) 
13 
- 
0 
05 
Vdc 
1V,2"2Vdcl 


Scan 
FunctIon 
High 
(Mute 
Onl 
13 
5.0 
- 
- 
Vdc 


1V,2" 
Gndl 


Mixer 
ConverSion 
Gain 
3 
- 
20 
- 
dB 


Mlxer 
Input 
ReSistance 
16 
- 
3.3 
- 
kll 


Mixer 
Input 
Capacitance 
16 
- 
2.2 
- 
pF 


100 nF 


16 --H--I- 
0 
Input 
10.7 
MHz 
51 


15 -- 
"lc 


J, 
0 Op Amp 
Output 


390k',.0j./F 
1.0 k 
+ f-------o Filter 
In 


Audio Out 


~ 001"F 


-MURATA 


CFU 
4550 


- -lp· 
'.0 mH 
Cp"100pF 
Ap· 
100 kn 


The MC3357 is a low power FM IF circuit 
designed 


primarily 
for 
use 
in 
voice 
communication 
scanning 


receivers. 


The 
mixer·osc;lIator 
combination 
converts 
the 
input 
frequency 
le.g., 10.7 MHz) down to 455 kHz, where, 


after external bandpassfiltering, most of the amplification 


is 
done. 
The 
audio 
is 
recovered 
using 
a conventional 


quadrature FM detector. The absenceof an input signal is 
indicated 
by 
the presence of 
noise above the desired 


audio 
frequencies. 
This 
"noise 
band" 
is monitored 
by 
an 


active 
filter 
and 
a 
detector. 
A 
squelch 
trigger 
circuit 


indicates 
the 
presence 
of 
noise 
(or 
a tone) 
by an output 


which 
can 
be used 
to control 
scanning. 
At 
the 
same 
time, 


an 
internal 
switch 
is 
operated 
which 
can 
be 
used 
to 


mute 
the 
audio. 


The oscillator is an Internally-biased Colpitts type with 


the 
collector. 
base. 
and 
emitter 
connections 
at pins 
4, 
'. 
and 2 respectively_ A crystal can be used in place of the 


usual 
coil. 


The 
mixer 
is 
doubly-balanced 
to 
reduce 
spurious 
responses. 
The 
input 
impedance 
at pin 
16 
is set 
by 
a 


3 
kSl 
internal 
biasing 
reSIstor 
and 
has 
low 
capacitance, 


allowing 
the circuit 
to be preceded by a crystal filter. 


The 
collector 
output 
at 
pin 
3 
must 
be 
de 
connected 
to 
B+, below which it can swing 0.5 V. 
After 
suitable bandpass filtering 
(ceramic or LC) the 


SIgnal 
goes 
to 
the 
input 
of 
a flve·stage 
lImiter 
at 
pin 
5. 


The output of the limiter at pin 7 drives a multiplier, 
both 
internally 
directly, 
and externally 
through a quadrature 
coil, to detect the FM_ The output at pin 7 is also used to 
supply dc feedback to pin 5. The other side of the first 
limiter stageis decoupled at pin 6_ 


The recovered audio is partially 
filtered, then buffered 
giving an impedance of around 400 n at pin 9_The signal 
still 
requires de-emphasis, volume 
control 
and further 
amplification 
before driving a loudspeaker. 


A simple inverting op amp is provided with an output 
at pin 11 providing dc bias (externally) 
to the input at 
pin 10 which is referred internally to 2 V_ A filter can be 


made 
with 
external 
impedance 
elements 
to 
discriminate 


between frequencies_ With an external AM detector 
the 
filtered 
audio signal can be checked for the presence of 


noise 
above 
the 
normal 
audiO 
band, 
or 
a tone 
signal. 
This 


information 
is applied to pin 12, 


An external positive bias to pin 12 setsup the squelch 


trigger 
circuit 
such 
that 
pin 
13 
is low 
at 
an 
impedance 


level of around 60 kn, 
and the audio mute (pin 14) is 
open circuit. 
If pin 12 is pulled down to 0_7 V by the 


noise 
or 
tone 
detector, 
pin 
13 
will 
rise to 
approximately 
0.5 Vdc below supply where it can support a load current 
of around 500 IJA and pin 14 is internally short-circuited 
to 
ground. There is 100 mV of hysteresis at pin 
12 to 
prevent Jitter. Audio muting isaccomplished by connecting 


pin 
14 
to 
a high-impedance 
ground-reference 
point 
in the 
audio path between pin 9 and the audio amplifier. 


4 


10 k 
10 k 
30 k 
20 k 


15 k 
50 k 


25 


50 k 
13 


10 
" 
15 k 
'0 
k 
16 
220 
k 


'6 


17 


'4 
, 2 
22 k 


26 
50 k 
.70 
50 k 


15 


",. 
~ 


includes oscillator, mixer, limiting amplifier, AFC, quadrature 


discriminator, op/amp. 
squelch, scan control, and mute switch. The 


MC3359 is designed to detect narrow-band 
FM signals using a 


455 kHz ceramic filter. 


• 
Low Drain Current (3.0 mA ITyp) @ VCC= 6.0 Vdc) 


• 
Excellent Sensitivity: Input Limiting Voltage - 


1-3.0 dB) = 2.0 IJ.V(Typ) 


• 
Low Number of External Parts Required 


18 
100 n 


( 
~10.7MHZ 


Input 
17 
50 
-=- 


r---, 
I 
I 
I 


I Quad I 
9 


~~,:ilJ 
150p 


Toko RCL 
~ 


55-801-HK 


HIGH-GAIN 
LOW-POWER 
FM IF 


P SUFFIX 


PLASTIC PACKAGE 


CASE 701-01 


Crystal 
~ 


Ose. 
~ 


Quadrature 
Input 


Demodulator 
9 
Filter 


Rating 
Pin 
Symbol 
Value 
Unit 


Power Supply Voltage 
4 
VCC(max) 
12 
Vdc 


Operating 
Supply Voltage Range 
4 
VCC 
4 to 9 
Vdc 


Input Voltage (VCC;;' 6.0 Volts) 
18 
18 
1.0 
YAMS 


Mute Function 
16 
V16 
-0.5 to 12 
Vpk 


Junction Temperature 
- 
TJ 
150 
DC 


Operating Ambient 
Temperature 
Range 
- 
TA 
-30 to +70 
°c 


Storage Temperature 
Range 
- 
Tstg 
-65 to +150 
°c 


Characteristic 
Pin 
Min 
Typ 
Max 
Unit 


Drain Current 
4 
mA 
Squelch Off 
- 
- 
3.0 
6.0 


Squelch On 
- 
- 
4.0 
7.0 


Input Limiting Voltage 
18 
- 
20 
6.0 
"V 
(-3.0 d8 Limiting) 


Output Voltage at AFC Balance 
10 
2.4 
3.4 
4.4 
Vdc 


Recovered Audio Output Voltage 
10 
450 
700 
- 
mVrms 
(Vin = 3.0 mY) 


Filter Gain (10 kHz) 
13 
40 
- 
- 
d8 
(Vin = 5.0 mY) 


Mute Switch Resistance 
16 
- 
4.0 
10 
II 
(Itest = 2.5 mAl 


Scan Source Current 
15 
2.5 
- 
- 
mA 


(Mute Off, V15 = O) 


Mixer Conversion Gain (Figure 1) 
5.0 
- 
28 
- 
dB 


Mixer Input Resistance 
18 
- 
3.6 
- 
kll 


Mixer Input Capacitance 
18 
- 
2.2 
- 
pF 


The 
mixer 
is doubly 
balanced 
to 
reduce 
spurious 


responses. 
The 
input 
impedance 
at 
pin 
16 
is set 
by a 


3.6 kfl 
internal 
biasing 
resistor 
and has low capacitance, 


allowing 
the circuit 
to be preceded 
by a crystal 
filte;. 
The 


mixer 
output 
at pin 3 has a 1.8 kfl 
impedance 
to match 
an 
external ceramic filter. 


After 
suitable 
bandpass 
filtering, 
the signal 
goes to the 


input of a six-stage limiter at pin 5 whose impedance is 


again 
1.8 kfl. 
The output 
of the limiter 
drives 
a multiplier, 


both 
directly, 
and 
through 
a quadrature 
coil, 
to 
detect 


the 
FM. 


An external 
capacitor at pin 9 can combine with the 


internal 
50 kfl 
to form 
a low-pass 
filter 
for the 
audio. 


The 
audio 
is delivered 
through 
an emitter 
follower 
to 


pin 10, which may require an external resistor-to-ground 
to prevent the signal from rectifying with some capaci- 


tive 
loads. 


Pin 
11 provides 
AF.C. 
If A.F.C. 
is not required, 
pin 
11 


should 
be grounded, 
or it can be tied to pin 9 to double 
the 
recovered audio. 


The 
MC3359 
is a low-power 
FM 
IF circuit 
designed 
primarily 
for use in voice-communication 
scanning 
receivers. 


The mixer-oscillator 
combination 
converts the input 


frequency 
(e.g .. 10.7 
MHz) down 
to 455 
kHz, where, 
after 


external 
bandpass 
filtering, 
most 
of the 
amplification 
is 
done. The audio is recovered using a conventional quad- 


rature 
FM 
detector. 
The 
absence 
of 
an 
input 
signal 
is 


indicated 
by the presence 
of noise 
after 
the desired 
audio 


frequencies. 
This "noise band" is monitored by an active 


filter 
and 
a detector. 
A squelch-trigger 
circuit 
indicates 


the 
presence 
of noise 
(or a tone) 
by an output 
which 
can 
be used to control scanning. At the same time, an internal 
switch is operated. This can be used to mute the audio. 


The oscillator 
is an internally-biased 
Colpitts 
type with 


the collector, base, and emitter connections at pins 4,1, 


and 
2 respectively. 
A crystal 
can 
be used 
in place 
of the 
usual coil. 


A simple inverting op amp is provided with an output at 
pin 13 providing dc bias (externally) to the input at pin 12, 
which is referred internally to 2.3 V. A filter can be made 


with 
external 
impedance 
elements 
to discriminate 


between frequencies. With an external AM detector, the 
filtered audio signal can be checked for the presence of 
either noise above the normal audio band. or a tone signal. 
The result is applied to pin 14. 


An external negative bias to pin 14 sets up the squelch- 
trigger circuit such that pin 15 is high, at an impedance 
level of about 2.5 kn, and the audio mute (pin 16) is open- 
circuit. If pin 14 is raised to 0.7 V by the noise or tone 
detector, pin 15 will goopen-circuit and pin 16 is internally 


short-circuited 
to ground. 
There 
is no hysteresis. 
Audio 
muting is accomplished by connecting pin 16 to a high- 


impedance 
ground-reference 
point 
in the 
audio 
path 


between pin 10 and the audio amplifier. 
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M 


PLANE 


MILLIMETERS 
INCHES 


DIM 
MIN 
IIIAX 
MIN 
MAX 


A 
23.11 
23.88 
0.910 
0.940 


B 
6.10 
6.60 
0.240 
0.260 
C 
4.06 
4.57 
0.160 
0.180 


0 
0.38 
0.51 
0.015 
0.020 
F 
1.02 
1.52 
0.040 
0.060 


G 
2.54 BSC 
0.100 BSC 


H 
1.32 
1.83 
0.052 
0.072 


J 
0.20 
0.30 
0.008 
0.012 
K 
2.92 
3.43 
0.115 
0.135 


L 
7.37 
7.87 
0.290 
0.310 
M 
0° 
10° 
0° 
10° 
N 
0.51 
1.02 
0.020 
0.040 


The 
maximum 
power 
consumption 
an Integrated 
ClfCUlt 


can 
tolerate 
at a gIven 
operating 
ambIent 
temperature, 
can 


be found 
from 
the 
equation 
TJlmax) -TA 
PDIT AI 
= 
ROJAITyP) 


Where 
PDIT A) 
= Power DISSipation allowable at a given 


operating 
ambient 
temperature. 
This 
must 
be greater 
than 


NOTES: 


1. LEADS WITHIN 0.13 mm 


10.0051 RADIUM OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL 
CONDITION 


101M "G"1. 


2. DIMENSION "L" TO CENTER 
OF LEADS WHEN FORMED 
PARALLEL. 


the sum of the products of the supply voltages and supply 


currents 
at the 
worst 
case operating 
condition. 


T J(max) 
::::MaXimum 
Operating 
Junction 
Temperature 


as lIsted 
In the 
MaXimum 
RatIngs 
Section 
T A:::: MaXimum 
DeSired 
Operating 
Ambient 


Temperature 


RUJAITyp) 
= Typical Thermal ReSIStanceJunction to 
Ambient 


The MC3393P 
can divide 
by 15 and 16. and can be used with 
Motorola 
CMOS 
frequency 
synthesizers 
MC145146. 
52. 56 
for commercial 
AM-FM 
radio. 
land mobile 
and marine 
two- 
way radios. 
avionic 
radios. 
and scanner 
receivers. 


• 
140 MHz (typ) Toggle 
Frequency 


• 
715/16 
• 
TIL 
and CMOS 
Compatible 
Output 
• 
Active 
Pullup 
and Pulldown 
• 
+5.0 V Supply 
• 
Buffered 
Clock Input 
• 
100-400 
mV (typ) Input 
Sensitivity 
• 
200 
Milliwatts 
(typ) 


TWO MODULUS 
PRESCALER 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


N SUFFIX 
PLASTIC 
pACKAGE 
CASE 626 


0.001 


Input 0--1 


Pin Outs 


1 
Bias Decouple 


2 
Bias 
Decouple 


3 
Input 


4. Ground 


5. NC 
6. Input 


7. Output 


8. VCC 


Reting 
Symbol 
Velue 
Unit 


Power 
Supply 
Voltage 
VCC 
60 
Vdc 


Input 
Mode 
Control 
Voltage 
VICR 
10 
Vdc 


Junction 
Temperature 
TJ 
150 
·C 


Operating 
Temperature 
Range 
TA 
-40 
to +85 
·C 


Storage 
Temperature 
Range 
Tsto 
-65 
to +150 
·C 


Characteristics 
Min 
TVD 
Max 
Unit. 


Power 
Supply 
Voltage 
4.5 
- 
5.5 
Vdc 


Current 
Drain 
- 
40 
- 
mA 


Input Voltage 
100 
- 
400 
mV(rms) 


Input Impedance: 
Real Part 
- 
900 
- 
Ohms 
Capacitance 
- 
6.0 
- 
pF 


Mode 
Control 
Voltage 
for 15 Count 
2.7 
- 
10 
Vdc 


Mode 
Control 
Voltage 
for 16 Count 
0 
- 
0.8 
Vdc 
Output High at 30 p.ASource 
2.7 
4.3 
- 
Vdc 


Output 
Low at 1.6 mA Sink 
- 
0.3 
0.8 
Vdc 


Propagation 
Delay Time 
- 
25 
- 
ns 


Set up Time 
(16 to 15 Count) 
Measured 
before 
- 
20 
- 
ns 
Rising 
Edge of Clock 
on Count 
15 


Release Time (15 to 16 Count) Measured 
before 
- 
15 
- 
ns 
Falling 
Edge of Clock Preceding 
Count 15 


Thermal 
Resistance. 
R6JC 
- 
100 
- 
°C/W 


The maximum 
power consumption 
an integrated 
circuit 
can 
tolerate at a given operating ambient temperature, 
can be found 
from the equation: 


P 
T 
- 
TJ(max)-TA 
D( AI - 
ReJA(Typl 


Where. PO(TA):: Power Dissipation 
allowable 
at a given operating 
ambient temperature. 
This must be greater than the sum of the 


TJ(max)= Maximum 
Operating 
Junction 
Temperature 
as listed 


in the Maximum 
Ratings Section 


TA = Maximum 
Desired Operating Ambient Temperature 


ROJA(Typl = Typical Thermal 
Resistance 
Junction 
to Ambient 


DIVIDE 
BY 20 
PRESCALER 


The MC3396P 
is a fixed +20 prescaler 
for use in frequency 


synthesizers 
and 
similar 
applications. 


• 
200 MHz (typ) Toggle Frequency 


• 
Single 5.0 Volt Supply 


• 
Buffered Clock Input 


• 
lOa mV - 
400 mV RMS Input Sensitivity 


• 
Open Collector 
Saturating 
Output 
is Capable of Driving 
TTL 
and CMOS. 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 626 


0.001 
Input 0---1 


PIN CONNECTIONS 


1 
Input 


2 
VCC 
3. NC 
4 
Output 
5. Ground 
6. NC 
7. Bias Decouple 
8 
Bias Decouple 


Output I 


FIGURE 3 - 
L1NK·COUPLEO 
INPUT 


VCC 


TOOl 


InP:J 


7 
0.001 


2k 
3 
6 


Output 
4 


FIGURE 2 -- CAPACITOR·COUPLED 
INPUT 


VCC 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VCC 
8.0 
Vdc 


Junction Temperature 
TJ 
150 
°c 


Operating Temperature 
Range 
TA 
-4010 
'85 
°c 


Storage Temperature 
Range 
T5'9 
-65 to .150 
°c 


Characteristic 
Min 
Typ 
Max 
Unit 


Operatmg 
Power Supply Voltage Range 
4.5 
- 
5.5 
Vdc 


Current Drain 
- 
30 
- 
mA 


Operating 
Input Voltage Range 
100 
- 
400 
mV(rms) 


Input Impedance 
Real Part 
~ 
600 
- 
Ohms 
Capacitance 
~ 
6.0 
- 
pF 


Output Voltage 
3.0 
4.5 
- 
Vp_p 


Thermal 
Resistance ~ 
(JJA 
- 
100 
- 
°C/W 


NOTES· 


1 
LEADS 
WITHIN 
0.13 
mm 
10005) RADIUS OF TRUE 
POSITION AT SEATING 


PLANE 
AT MAXIMUM 
MATERIAL 
CONDITION. 


2. DIM "L" TO CENTER OF 
LEADS WHEN FORMED 
PARALLEL. 


3. PACKAGE CONTOUR 


OPTIONAL (ROUND OR 
SOUARE CORNERS! 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
9.40 
10.16 
0.370 
0.400 
B 
6.10 
6,60 
0.240 
0.260 
C 
3,94 
4.45 
0.155 
0.175 
0 
0.3B 
0,51 
0.015 
0.020 


F 
1.02 
1.52 
0.040 
0,060 
G 
2.54 BSC 
0.100 BSe 


H 
0.76 
1.27 
0,030 I 0.050 
J 
0.20 
0,30 
O.OOBI 0.012 
K 
2.92 
3.43 
0.115 I 0.135 
L 
7.62 BSe 
0.300 BSe 
M 
10' 
110" 
N 
0,51 
0.76 
0.020 I 0,030 


The maximum 
power consumption 
an integrated 
circuit can 
tolerate 
at a given 
operating 
ambient 
temperature, 
can be 
found from the equation 


TJlmaxl- 
TA 


PDITAI = 
ROJAITyp) 


ambient temperature. 
This must be greater than the sum of the 
products 
of the 
supply 
voltages 
and supply 
currents 
at the 
worst case oper8ting condition 


TJ(max) 
= Maximum 
Operating 
Junction 
Temperature 
as 
listed in the Maximum 
Ratings Section 
TA = Maximum 
Desired Operating Ambient Temperature 
R8JA(Type) = Typical Thermal Resistance Junction to Ambient 


MC6220 


The 
MC 6220 
is a 4-bit 
single 
chip 
MCU with 
PLL hardware. 
The chip includes; 
a 24 hour 
clock, 
the processor, 
32 x 4 bits 


of direct 
access 
RAM, 
16 x 16 x 4 bits of indirect 
access 
RAM, 16 x 5 x 4 bits of indirect 
access 
ROM for constant, 
1.2K 


10-bit 
words 
of user 
ROM, 
5 I/O lines, 
5 output 
lines, 
6 tri-state 
inputs, 
2 special 
edge sensitive 
inputs 
and a serial 
I/O bus 


(clock 
and 
data 
I/O). 
In addition 
the 
PLL section 
contains 
a reference 
divider 
for 1kHz and 1205kHz 
and avariable 
divider 


suitable 
for dual modulus 
applications. 
The device 
is housed 
in a 28 pin package. 


4-bit 
BCD microcomputer 


Instruction 
set of 16 instructions 


Each instruction 
is one 1O~s cycle 


2 level stack 


32 x 4 bits of direct 
access 
RAM 


16 x 16 x 4 bits of indirect 
access 
RAM 


16 x 5 x 4 bits of indirect 
access 
ROM for constant 


1.2K 
1D-bit words 
of user's 
ROM 


On-chip 
oscillator 
circuit 


Internal 
24 hour 
clock 


PLL FOR 
RADIO 
APPLICATIONS 


Suitable 
for dual modulus 
applications 
in conjunction 
with 
the UAA 2002 
prescaler 


Dual modulus 
ratio; 
in AM, 10/11 
and in FM, 80/82 


Phase comparator 
reference 
frequency; 
AM 1kHz and FM 12.5kHz 


AM tuning 
range 
100kHz < FLOC < 9.999MHz 


FM tuning 
range 40MHz < FLOC < 150MHz 


APPLICATIONS 


Radio 
synthesizer 
for car and Hi-Fi 


• 
Radio 
alarm 


Professional 
telecommunications 
systems 


• 
Ti mer control 


ENA 


ENB 


CMOD 


FLOC 


PHD 


OSCB 


OSCA 


fltQ..-uT 
fLOC 


"""""'- 
au••••, 
CMOO 


FM STEREO 
DEMODULATOR 
DESIGNED 
FOR USE IN HI-FI 
STEREO 
RECEIVERS 
AND 
CAR RADIOS 


• 
Wide Supply Range: 8 - 
16 Vdc 


• 
Excellent 
Channel 
Separation 
Maintained 
Over Entire 
Audio 
Frequency Range (Fixed or Adjustable) 


• 
Variable 81endControl 


• 
Low Distortion: 
0.3% THO at 2.5 Vp·p Composite Input Signal 


• 
Excellent Rejection of AR I Subcarrier (57 kHz) 


• 
Excellent 
Rejection of Pilot Tone Harmonics including 114 kHz 


• 
Wide Dynamic Range: 0.5 - 2.5 Vp·p Composite Input Signal 


• 
Up to 6 dB Gain (Monaural) 


• 
Low Output Impedance 


• 
Transient·free Mono/Stereo Switching 


• 
50 dB Supply Ripple Rejection 


• 
Integrated 
Stereo/Monaural 
Switch 
- 
100 mA 
Lamp Driving 
Capability 


• 
Requires No Inductors 


TCA4500A 


FM STEREO 
DEMODULATOR 


..- 


Stereo 
~ 


PIN FUNCTIONS 
1 - 
Input 
2 - 
Preamplifier 
output 


3 - 
Left amplifier 
input 


4 - 
Left 
channel 
output 


5 - 
Right 
channel 
output 


6 - 
Right 
amplifier 
input 


7 - 
Stereo 
indicator 
Lamp 


8 - 
Ground 
9 - Stereo switch filter 
, 0 - 
Stereo 
switch 
filter 


11 - 
19 k Hz output/blend 


12 - 
MOdulator 
input 
13 - 
Loop 
filter 


14 - 
Loop filter 
15 - 
Oscillator 
RC network 


16 - 
VCC 


Rating 
Value 
Unit 


Power Supply Voltage 
16 
Volts 


Power Dissipation (Packagelimitation) 
1BOO 
mW 
Derate above TA 
:II +2SoC 
15 
mW/oC 


Operating Temperature Range (Ambient) 
-40 
to +B5 
°c 


Storage Temperature Range 
-65 
to +150 
°c 


Lamp Drive Voltage (Max. voltage at pin 7 with lamp "off") 
30 
Volts 


Lamp Current 
100 
mA 


Blend Control Input Voltage (pin 111 
10 
Volts 


ELECTRICAL 
CHARACTERISTICS 
Unless otherw;se noted: 
VCC = +12 Vdc. TA 
= 25°C. 
2.5 Vp·p standard multiplex 
compos;te sig· 
nal with Lor R channel only modulated at 1:0 kHz and with 10%pilot level, using circuit of Figure 1. 


Characteristic 
Min. 
Typ. 
Max. 
Unit 


Stereo Channel Separation: Unadjusted 
30 
- 
- 
dB 
Optimised on other channel1 
40 
- 
- 


Monaural Voltage Gain1 
O.B 
1.0 
1.2 


THO at 2.5 Vp-p Composite Input Signal 
- 
- 
0.3 
% 


at 1.5 Vp-p Composite Input Signal 
- 
0.2 
- 


Signal/Noise Ratio 
dB 
RMS 20 Hz· 
15 kHz 
- 
90 
- 


Ultrasonic Frequency Rejection 
19 kHz 
- 
31 
- 
dB 
3B kHz 
- 
50 
- 


Stereo Switch Level (19 kHz input level for lamp "on") 
12 
16 
20 
mVrms 
Hysteresis 
- 
6.0 
- 
dB 


Quiescent Output Voltage Changewith Mono/Stereo Switching 
- 
5.0 
20 
mVdc 


Stereo Blend Control Voltage (pin 11) 3 dB Separation 
- 
0.7 
- 
V 
(seeFig. 2) 
30 dB Separation 
- 
1.7 
- 
V 


Minimum Separation (pin 11 at 0 VI 
- 
- 
1.0 
dB 
Monaural Channel Imbalance (pilot tone off) 
- 
- 
0.3 
dB 
ARt 57 kHz Pilot Tone Influence on TH02 
- 
- 
0.5 
% 


Sub-carrier Harmonic Rejection 
76 kHz 
- 
45 
- 
dB 
114 kHz 
- 
50 
- 


152 kHz 
- 
50 
- 


Supply Ripple Rejection 
- 
50 
- 
dB 
Input Impedance 
- 
50 
- 
Kn 
Output 
Impedance 
- 
100 
- 
n 
Blend Control Current 
- 
- 
-300 
~A 
Capture Range 
- 
'5.0 
- 
% 
Operating Supply Voltage 
B.O 
- 
16 
V 
Current Drain (lamp off) 
- 
35 
- 
mA 


Notes: 1See Applications 
Information 
and Circuit Description 
2 AR I Test - 
Input signal: 1.5 Vp-p standard composite signal, 1 kHz modulation 
added to a CW 50 mVrms signal at 57.3 kHz. 


TYPICAL 
CHARACTERISTICS 
Unless otherwise 
noted 
VCC 
.= +12 V. TA = +250C, 
Input 
Signal 
is Modulated 
L or A with 
10% Pilot 
Level. 
(see Fig. 16,1 
: High Loop Gain Circuit 
: Normal Circuit 
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INTRODUCTION 
The TCA4500A 
is a phase·lock·loop stereo decoder 
which incorporates a variable separation control, 
and in 
which sensitivity to the third harmonics of both the pilot 
and sub·carrier frequencies has been eliminated by the use 
of appropriate, digitally generated,waveforms in the phase· 
lock·loop and decoder sections. 
The 
variable 
separation 
control 
may 
be operated 
manually, or by a receiver's AGC or S meter signals, to 
provide smooth transitions between monaural and stereo 
reception. 
It operates only during stereo reception: the 
circuit 
switches automatically 
to monaural if the 19 kHz 
pilot tone is absent. 
The elimination 
of sensitivity 
to the third 
harmonic 


.(114 kHz) of the sub-earrier (38 kHz) excludes interference 
from the 100 kHz (European Spacing) spaced side bands 
of adjacent transmitters, while elimination 
of sensitivity 
to the third harmonic (57 kHz) of the pilot tone (19 kHz) 
excludes interference from the AR 1* system employed in 
Europe. 


-Auto Radio Information. 


CIRCUIT OPERATION 
The block diagram of the circuit, 
shown in Fig. 10, 
consists of three sections: the phase-Iock·loop, including 
the digital waveform generator: the stereo switch: and the 
decoder, in which the composite stereo signal is demodu- 
lated and matrixed to separate Land R channels. 
In 
the 
phase-lock-loop 
the 
internal 
RC oscillator, 
operating at 228 kHz, feeds a 3 stageJohnson counter, via 
a binary divider, 
to generate a series of 19 kHz square 
waves. By the use of suitably connected NAND and EX- 
CLUSIVE 
OR gates, the waveforms shown in Fig. 11, 
which are used to drive the various modulators in the cir· 
cuit, are developed. 
The use of such drive waveforms produces the modu· 
lating functions also shown in Fig. 11. The usual square- 
waveforms have been replaced in the PLL and decoder 
sections by 3·level forms which contain no third harmonic 
(actually no harmonics which are multiples of 2 or 3 are 
present). 
This eliminates the 
frequency 
translation 
of 
interference 
from 
these bands into the low frequency 
region. Such translation may produce audible components 
in the decoder section from 
the sidebands of adjacent 
channel FM signals, and may produce phase jitter, 
and 
consequent intermodulation 
distortion, 
in the PLL, from 
the modulated 57 kHz tones of the ARI system. The TCA 
4500A is inherently free from these effects. 
The 
stereo switch 
section 
is of 
conventional 
form 
(e.g. MC1310). 
The decoder section consists of a modulator 
(driven 
by the waveforms shown in Fig. 11) whose outputs are 
the inverted and non-inverted channel difference signals. 
These signals passto the output amplifiers via the variable 


blend circuit 
in which they are partially combined, 
and 
hence mutually 
attenuated, 
according 
to· the control 
voltage applied. 
Matrixing occurs at the inputs of the output amplifiers, 
where the unmodified 
composite signal is added to the 
blended channel difference signals. The stereo.separation 
may be progressively reduced from 
maximum 
to zero, 
dependent on the blending. The control 
law has been 
made non-linear, as the major redistribution 
of sound 
energy occurs at very low separation levels. For monaural, 
or very weak stereo signals, the modulator in the decoder 
section is disactivated by the stereo switch circuit. 
The 
variable separation control 
is thus, also, automatically 
disabled. 


~ 


PLL 119 kH,) 
~ 


StereoSwitch 
~ 


119kH,) 
~ 


APPLICATION 
INFORMATION 


GAIN AND DE-EMPHASIS 
The gain and de-emphasischaracteristics of the circuit 
are defined by shunt feedback via the external RCnetworks 
(R3, C6, R4, C7 of Fig. 1) around the output amplifiers. 
The gain is unity 
when resistors of 5.1 krl 
are used. 


Higher gains may be obtained by using networks of the 
form shown in Fig. 12. 
The resistors R6, R7 are added to correct the output 
quiescent voltage levels which are optimized for R3, R4 ; 
5.1 krl 
and which would, if uncorrected, become too low 
with 
higher value resistors. Suitable network values are 
asfollows: 


Gain (dB) 
R3,R4 
C6,C7 
R6,R7 


50". 
75". 


0 
5.1kn 
10nF 
15 nF 


3 
6.8kn 
6.8nF 
10 nF 
47k±10% 


6 
10k 
4.7 nF 
6.8 nF 
27k ±10% 


The maximum 
output 
level is 1 Vrms; 
consequently 
the 
max. 
input 
is limited 
to 1.4 Vp·p if the gain is set to 6 dB. 


SEPARATION 
ADJUSTMENT 
A 
separation 
adjustment 
may 
be 
added, 
as 
shown 
below, 
(Fig. 
13). 
to 
compensate 
for 
the 
receiver's 
IF 


characteristics. 


Pin 2 


p,n3~6k5% 
! 


'Ok 


Pin 6 


56k 
5% 


This 
network 
reduces 
the amplification 
of the channel 
sum 
signal 
in the 
decoder, 
to 
compensate 
the 
attenua· 


tion 
of 
the 
channel 
difference 
signal 
in the 
receiver's 
IF 


section. 
The 
network 
shown 
will compensate 
for up to 2 
dB attenuation 
at 38 kHz. The decoder 
gain is, Obviously, 
reduced 
by an amount 
equal to the compensation 
required. 


When 
used 
as described, 
the 
adjustment 
also corrects 
the 


inherent 
separation 
of 
the 
decoder, 
which 
may 
be op· 


timized 
on 
one 
channel. 
Optimization 
of 
both 
channels 


is possible 
if separate 
potentiometers 
are 
used 
to 
feed 
each output 
amplifier. 


-----, 
Blend 


Circuit 
____ 
..J 


19 kHz 
2~~L.JL 


VARIABLE 
SEPARATION 
(BLEND) 
CONTROL 
AND 


19 kHz OUTPUT 
To 
retain 
the 
16-pin 
package, 
the 
blend 
control 
has 


been 
combined 
with 
the 
19 kHz 
output 
on pin 
11. The 
internal 
circuit 
providing 
this 
combination 
is shown 
in 


Fig.14. 
If pin 
11 is left open-circuit, 
the 
19 kHz signal appears 


at a mean 
dc level of 4 V. The blend 
circuit 
is inoperative 


at this 
level and 
the decoder 
provides 
full separation. 
The 
19 kHz signal 
can 
be used 
to tune 
the 
internal 
oscillator. 


To 
reduce 
the 
separation, 
the 
voltage 
on 
pin 
11 
is 
lowered. 
At 3.2 
V, T2 ceases 
conduction 
and 
the 19 kHz 
signal disappears. 


At 2,3 
V, the 
blend 
circuit 
comes 
into 
operation 
and 
the 
separation 
decreases 
according 
to the 
curve 
shown 
in 


Fig. 15. 


t-==% T." Po;n1 
l,oon 


OSCILLATOR 
TUNING 
If the variable 
separation 
facility 
is not required, 
pin 11 
is 
left 
open-circuit 
and 
the 
19 
kHz 
signal 
which 
then 
appears 
may 
be used 
to indicate 
the 
oscillator 
frequency. 
If the 
variable 
separation 
is used, and the drive circuit 
pre- 


vents 
access 
to 
the 
19 
kHz 
signal, 
then 
the 
oscillator 
frequency 
must 
be measured 
directly. 
A test point 
should 
be obtained 
by 
modifying 
the 
oscillator 
RC network 
as 
shown 
in Fig. 16. 


The output 
is a pulse train of approximately 
1.5 Volts 
amplitude. 
Connecting 
frequency 
counters of up to 300 
pF input 
capacitance produces less than 0.3% change of 
the oscillator 
frequency, 
which should be set to 228 kHz. 


HIGH LOOP GAIN COMPONENTS 
For applications 
demanding operation 
under low pilot 
level (e.g., car radio) the following 
component changes to 
Fig. 1 are recommended. 


Rl = 12k 
R2 = 1.5k 
R8 = 330 
PI = 10k 


C3=150pF 
C4 = 330 nF 
C5=150nF 


EXTERNAL 
MONO-STEREO 
SWITCHING 
AND 
OSCILLATOR 
KILLING 
If required, the TCA 4500A 
can be forced into mono 
mode simply 
by grounding 
pin 9 (see Fig. 1). The 228 
kHz oscillator will be automatically 
killed. 
The conditions 
governing 
Mono/Stereo 
switching 
on 


pin 9 are the following: 
Quiescent voltage: +2.3 Vdc 
Current 
required 
to ensure mono operator' 
(with 
100 
mVrms pilot level): 10 IlA (from pin 9 to ground) 


Hysteresis: 0.71lA 
Stereo/mono 
switching and oscillator 
killing: 
less than 


+500 mV 
Maximum stray capacitance between pin 9 and ground: 
100 pF 


EXTERNAL 
COMPONENT 
FUNCTIONS 
PI 
- 
19 kHz frequency adjustment 
P2 
- 
channel 
separation 
adjustment 
and compensa- 


tion for IF roll-off. 
R3, R6- 
gain fixing 
resistors. The values shown in the 


schematic are for unity gain. 
C6, C7- 
de·emphasis capacitors. 
Value 
to 
give: 
RC = 


501lS. 


Values shown in Fig.l 
are recommended for applications 


with input level higher than 1.0 Vrms. 


Circuit 
diagrams 
utilizing 
Motorola 
products 
are included 
as a means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently. 


complete information 
sufficient 
for construction purposes is not 
necessarily given. The information 
has been carefully 
checked and 


is believed 
to 
be 
entirely 
reliable. 
However, 
no 
responsibility 
is 


assumed for 
inaccuracies. Furthermore. 
such information 
does not 


convey to the purchaser of the semiconductor 
devices described any 
license under the patent rights of Motorola 
Inc. or others. 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
18.80 
21.34 
0.740 
0.840 
B 
6.10 
6.60 
0.240 
0.260 
C 
4.06 
5.08 
0.160 
0.200 
0 
0.38 
0.53 
0.015 
0.021 
F 
1.02 
1.78 
0.040 
0.070 
G 
2.54 SSC 
0.100 SSC 
H 
0.3S 
2.41 
0.015 
0.095 
J 
0.20 
0.3S 
0.008 
0.015 
K 
3.43 
.1 
0.135 
L 
7.62 SSC 
0.300 8SC 
M 
D· 
10· 
0 
10· 
N 
0.51 
I 
1.02 
0.020 
0.040 


NOTES: 
1. LEADS WITHIN 0.13 mm 
10.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 
2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL. 


3. DIMENSION "s" DOES NOT 
INCLUDE MOLD FLASH. 
4. "F" DIMENSION IS FOR FULL 
LEADS. "HALF" 
LEADS ARE 
OPTIONAL AT LEAD POSITIONS 
1.8.9. 
and 161. 
5. ROUNDED CORNERS OPTIONAL. 
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UAA2002 
] 


FREQUENCY 
SYNTHESIZER 


PRESCALER 


The UAA2002 is a frequency synthesizer prescaler designed to 
be used in conjunction 
with 
the MC6220 (Microprocessor Phase 
Locked Loop system) and the UAA2003 
(Interface circuitl 
in radio 
applications. The circuit 
contains AM and FM preamplifiers and a 
switchable dual·modulus divider. The circuit, realised in EFL tech· 
nology, 
interfaces between the receiver's local oscillators and the 
MC6220 NMOS controller. 


SILICON MONOLITHIC 


INTEGRATED 
CIRCUIT 


Divide by 80/82 operation to 120MHz (FM bandI 
Divide by 10/11 operation to 20MHz (AM bands) 
High input sensitivity (50mV) 
Wide temperature range; -25 to +70° C 
• 
P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
646\TQ 
116) 


MAXIMUM 
RATINGS 
IT A = 25°C) 
All 
voltages 
are 
referenced 
to 
ground 


(pins 1 & 51 


Rating 
Pin 
Symbol 
Value 
Unit 


Power Supply 
Voltage 
8,12 
Vee 
7.0 
V 


Signal 
Input 
Voltage 
13,14 
Vin 
2000 
mV RMS 


Digital 
Input 
Voltage 
2,7 
VeMOD 
Vee 
V 


VSVHF 


Output 
Pin Loading 
6 
RFLOe 
>500 
n 


Bias Pin Loading 
3,4,9, 
RSIAS 
>500 
n 


10,11 


Storage Temperature 
Range 
TSTG 
-55 to +150 
°e 


Operating 
Temperature 
Range 
TA 
-25 
to +70 
°e 


Charactersitic 
Pin 
Symbol 
Condition 
Min 
Typ 
Max 
Unit 


Power Supply Voltage 
8,12 
Vee 
5.6 
6.0 
6.4 
V 


Power Supply Current 
8,12 
Ice 
69 
90 
mA 


Input Signals 
13,14 
VRF 
fmax < 20M Hz 
50 
500 
mV 


IRF 
100 
"A 


VVHF 
fmax < '20MHz 
50 
500 
mV 


IVHF 
100 
"A 


Logic Input 
Levels 
7,2 


Input 
Voltage 
Low 
VIL 
0 
1.5 
V 


Input Voltage High 
VIH 
4.0 
Vee 
V 


Input 
Current 
Low 
IlL 
VIL'O 
300 
"A 


Input 
Current 
High 
(pin 
2) 
IIH2 
VIH'Vee 
1.5 
mA 


Input 
Current 
High 
(pin 
71 
IIH7 
VIH'Vee 
300 
"A 


Output 
Logic Levels 
6 


Low 
VOL 
0 
0.4 
V 


High 
VOH 
4.0 
Vee 
V 


lout 
VOH'Vee 
6 
mA 


Characteristic 
Pin 
Symbol 
Min 
Typ 
Max 
Unit 


Lead and Lag Times (relative to Falling Edge of FLOC) 
7 
tlead 
100 
ns 


tlag 
0 
ns 


VCC SUPPLY 
- 
(pins 8 & 12) These pins should be 


connected in parallel and provide power for the entire 
circuit. 


BIAS PINS 
- 
(pins 3, 4, 9, 10 & 111Thesepins permit 
external decoupling of the internally generated reference 
hias voltages. Capacitors (Iow·inductance 
ceramic disc 


for 
high frequency 
operation) 
should 
be 
1nF. 
They 
remove noise from the critical bias points. Although the 
circuit 
will 
operate without 
these capacitors the maxi- 


mum frequency rangewill be reduced. 


FLOC OUTPUT 
- 
(pin 61 The output appearing on this 


pin 
is suitable 
for 
direct 
connection 
to 
the 
NMOS 
MC6220 
controller. 
For 
optimum 
waveform 
this 
pin 


should be loaded with lessthan 30pF capacitance to earth. 
Resistive loading should be greater than 1kn. 


CMOD INPUT 
- 
(pin 71 A logical '1' from the MC6220 
controller 
applied to this pin switches the division ratio 


from 82 to 80 or 11 to 10 depending on the mode selec· 
ted (at pin SVHF). 
The switching threshold is approx. 


3.2V. 
It can be switched by NMOS, CMOS or TTL logic 
levels. Input current is less than 30"A 
in the high state 
and 2"A 
when low. The high voltage must not exceed 


VCC· 


SVHF INPUT 
- 
(pin 2) A logical '1' from the UAA2003 


interface circuit applied to this pin selectsthe VHF mode 
operation, i.e. the circuit divides by 80/82 (dependant on 
the condition 
of 
CMOD) 
and enables the VHF 
input 
amplifier and divide·by 2 prescaler. The switching voltage 
is as for 
the CMOD input. 
However, the input current 


requirement 
is higher, when high (Vin ~ VCC) the pin 
draws lessthan 900" A. 


VHF 
INPUT 
(pin 13) A low level input from the 


receiver local oscillator 
(VHF 
FM band) is applied to 


this pin. The level window for correct operation is between 
50mV and 500mV RMS. 


RF INPUT 
- 
(pin 14) This pin is identical to the VHF 
input 
except 
the 
low 
frequency 
oscillator 
signal (AM 


bands) is applied - fmax < 20M Hz. 


Output 
FLOCI 
\ 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
ti 
I 
tread 
I 
tlag 
I 
,- 
-,- 
•. I- 
•.' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


~ 


I 


~ 


I 
I 


Input 
CMOD 


The circuit operation can be followed by reference to 
the block diagram IFigure 1). A low level RF sine wave 
input, from the receiver's 'AM' local oscillator, fed to pin 
14 is amplified, 
limited 
and converted to an EFL logic 
level by the internal RF amplifier. Similarly, signalsarriving 
at pin 13, from the receiver's 'VHF' or 'FM' local oscillator, 
are amplified, limited and divided-by-two. Both amplified 
signals are fed to a multiplexer, 
which is controlled 
by a 
logic voltage on pin 2 (SVHF). When pin 2 is at a logical 
'1' 
the VHF 
input 
to the multiplexer 
is enabled; con- 
versly, when pin 2 is at logical '0' the multiplexer's 
RF 


input is enabled. The selected output 
is then fed to the 


main 
counter 
for 
division. 


The main six-stage EFL counter is used for all four 


division 
ratios. 
Depending 
on 
the 
internal 
gating, 
and 
the condition 
of pin 2 which selects the VHF mode, it 
will divide by 10111 IRF mode) or 40/41 (VHF model. In 
the 40/41 
mode overall division 
ratios of 80/82 result 


since 
the 
fixed 
divide-by-twD 
prescaler 
is 
in 
circuit. 


The application of a logical '1' or 'high' voltage on pin 
7 (CMOD) locks the counter to divide-by 40 (VHF model 
or divide-by 10 (RF mode). Similarly, a logical '0' on pin 
7 will 
result in divide-by 41 (VHF) or divide-byl1 
(RFl- 


In order 
to ensure the desired 
division 
ratio 
the 
modulus 


change voltage must be applied at least 'tlead' 
(see the 
switching 
characteristics) 
before the 
next falling 
edge. 
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NOTES: 


1. lEADS 
WITHIN 
0.13 mm 
to.0051 RAOiUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUi,l 
MATERIAL 
CONOITION. 


2. OIMENSION T' TO ~,~~TER 


OF LEAOH/HEN 
FORMED 
PARALLEL. 


3. DIMENSION 
"B" 
DOES NOT 
INCLUDE 
MOLD FLASH. 


4. ROUNDED CORNERS OPTIONAL 
AS SHOWN IN PREVIOUS ISSUE.' 
5. 646·04 OBSOLETE. 
NEW STO 
646·05. 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX I MIN 
MAX 


A 
18.IE 
19.56 
0.715 
0.770 


B 
6.10 
6.60 
I 0.240 I 0.260 
C 
4.06 
5.08 
0.160 I 0.200 


0 
0.38 
0.53 
0.015 I 0.021 


F 
1.02 
1.78 I O.O~OI 0.070 
G 
2.54 BSC 
I 
0.100 BSC 


H 
1.32 I 
2.41 
1 0.052 I 0.095 
J 
0.20 I 
0.38 
O.ODa I 0.015 
K 
2.92 I 
3.43 
0.115 I 0.135 


L 
7.62 BSC 
0.300 BSC 
M 
00 
I 
100 
00 
I 
lOa 
N 
0.51 
1.02 
0.020 I 0.040 


Circuit 
diagrams 
utilizing 
Motorola 
products 
are included 
as a means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently. 
complete 
information 
sufficient 
for 
construction 
purposes 
is not 
necessarily 
given. 
The 
information 
has been 
carefully 
checked 
and 


is 
believed 
to 
be 
entirely 
reliable. 
However, 
no 
responsibility 
is 


assumed 
for 
inaccuracies. 
Furthermore, 
such 
information 
does 
not 
convey 
to 
the purchaser 
of 
the semiconductor 
devices 
described 
any 


license under the patent 
rights of Motorola 
Inc., or others. 


UAA2003 


The 
UAA2003 
is 
designed to 
be 
used 
in 
conjunction 
with 
the MC 6220 (Miccroprocessor - 
PLL System) and the UAA2002 
(Twin 
Dual Modulous Counter) 
in Radio Frequency Synthesizers. 
It 
is realised in I'l/Linear 
technology 
and interfaces the Micro- 


processor to the Radio Receiver. The circuit contains a Serial lJata 
to Parallel Band Driver shift register. A stop signal detector and a 
low input current Operational Amplifier . 


SILICON MONOLITHIC 


INTEGRATED 
CIRCUIT 


• 5 Bit Parallel Output Data (10mA current source capability) 


• Sensitive 2 Threshold (± 90mV) Detector 


P SUFFIX 


PLASTIC PACKAGE 


CASE 648 


• Very Low OP AMP Input Current (0.5nA typical) 


• Wide Temperature Range (- 25 °c to + 75 °C) 


FIGURE 1 - BLOCK DIAGRAM 
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Reting 
Symbol 
Velu8 
Unit 


Power supply voltage 
VCC 
20 
Vdc 


Maximum 
band driver output 
current 
ICC 
20 
mAdc 


Operating 
temperature 
range 
TA 
- 
25'0 
+70 
·c 


Storage temperature 
range 
TSTC 
-65'0 
+150 
·c 


Characteristic 
Pin 
Symbol 
Condition 
Min 
Typ 
Max 


Power Sypply 
3 
VCC 
- 
9V 
ISV 


Operating 
Voltage 


Power Supply 
VCC;9V 
ISD;O 
6.smA 
10mA 


Operating 
Current 
ICC 
VCC;1SV 
ISD; 
0 
13mA 
20mA 


OP·AMP 


Output 
Swing 
2 
VVARH 
IVAR;-100"A 
VCC-1.1V 


2 
VVARl 
IVAR; 
100 "A 
0.3V 


Output 
Drive 
2 
10 source 
VCC;9 
... 
1SV 
-1.smA 
-SmA 


2 
ID sink 
VCC; 
9 ... 
1SV 
0.2mA 
2mA 


Output 
Impulse Noise 
2 
VNDISE 
2s0mV 


Input 
Current 
1 
liNT 
+ 
,VCC;9 
... 
1SV 
30nA 


16 
IINT- 
VCC;9 
... 
1SV 
30nA 


Output 
Drivers 
4,5,6, 
ISDl 
SD; 
l, 
VSD; 
OV 
10"A 


7,S 
VSDH 
SD; 
H, 
ISD; 
- 
10mA 
VCC-1.1V 


Stop Command 
aenerator 


Trigger level 
9 
VD1SA - 
VDlse 
ISTDP; 
100 "A 
75mV 
l00mV 


11 
VD1SA - 
VDISS 
ISTOp;-'-lmA 
-70mV 
-10OmV 


Common 
Mode Range 
VCM 
1.5 
VCC-1.sV 


Output 
Drive 
10 
ISTOPH 
VD1SA - 
VDISe" 
- 
100mV 
-1mA 
-lsmA 


VSTOPH 
ISTOP; 
-lmA 
6V 
8V 


ISTOPl 
VDISA - 
VD1Se;> 
l00mV 
100 "A 


VSTOPl 
ISTOP; 
100 "A 
0.4V 


ISTOPT 
VD1SA -VDISS;-6s 
... 
+70mV 
• 10"A 


Input 
Logic levels 
13 
VINl 
1.SV 


14 
V1NH 
4.0V 


12 
IIN 
VIN; 
OV 
300 "A 


With reference to the block diagram (figure 1). the circuit 
contains a low input current, wide output swing operational 
amplifier. 
This is specifically designed for low input bias 
current 
(typically 
500pA) 
and is intended for use as the 


active integrator in the PLL. 


A 5·output 
Serial/Parallel data converter is included. This 


takes serial data from the MC6220 and outputs the desired 
band of 
operation 
and also, if automatic 
search is in 
progress, up to 
10mA per output 
may be drawn from 


these pins. 


Also included is a Dual threshold detector. This has high 
input impedance differential 
inputs. The conditions: 


DISA> 
DISB + 90mV; 


DISB + 90mV > DISA > DISB - 
90mV; 


DISA < DISB - 
90mV; 


are detected and made available on pin STOP in tristate 
form (low, hi-z, high). 


Vcc SUPPLY 
- (pin 3) This pin supplies power for the 


entire circuit (I2L includedl. 


INT - 
(pins 1 & 16) These are the differential 
inputs of 
the Operational 
Amplifier. 
Pin 1 is the positive 
input, 
pin 16 the negative. More than 7V is not allowed differ· 
entially between these pins. 


VAR - 
(pin 2) This is the output 
of the Operational 


Amplifier. 
It is short circuit protected to VCC and earth. 


DISA - 
(pin 9). 
DISB - 
(pin 
11) These pins are the 
differential 
inputs 
of 
the 
threshold 
detector 
(STOP 


command generator). As with the OP-AMP more than 7V 
differential 
will damage the circuit. 


STOP - 
(pin 10) This pin supplies the decoded threshold 


information 
in tristate 
form. 
It can source 1mA when 


high, sink 100 ~A when low and takes less than ± 10 ~A 
when high impedance. 


ASD, V, S, M, L, - 
(pins 4, ~, 6, 7 & 8) These five pins 


are the high current 
band driver outputs. 
10mA may be 


drawn from any pin when active. Only 2 pins may be high 
at 
anyone 
time 
(ASD 
plus one other!. 
ASD 
means 


Automatic 
Search Data; this. output 
is under the control 
of the MC6220 controller 
and goes high during an auto- 
matic 
fast search and can be used to switch filters 
etc. 


during 
a search. 


Reting 
Symbol 
Min 
Typ 
Mox 


Clock High Time 
tCLhigh 
11" 


Clock Low Time 
tCLIow 
4., 


Clock Period 
tCLp 
71" 


Clock Rise Time 
tCLr 
21" 


Clock Fall Time 
tCLf 
21" 


Data Set-Up Time 
tOSup 
500 n, 


Data Hold Time 
tOhold 
41" 


Enable Lead Time 
tElead 
41" 


Enable Lag Time 
tElag 
41" 


p,A758A 


PHASE LOCK LOOP 
FM STEREO DEMODULATOR 


The I'A758A is an improved FM stereo multiplex decoder with an 
extended operating supply voltage range. 


It is a direct replacement for the I'A 758 and LM1800: 


• 
Requires No Inductors 


• 
Low External Part Count 


• 
Excellent Channel Separation Without Adjustment 


• 
Only Single Potentiometer Oscillator Frequency 
Adjustment Necessary 


• 
100 mA Lamp or LED Driving Capability With Current Limiting 


• 
Automatic. Transient-Free Stereo/Mono 
Switching 


• 
Wide Supply Range: 8-16 Vdc 


• 
Excellent SCA Rejection 


• 
50 d8 Power Supply Rejection 


• 
Low Impedance. Buffered Output 


PHASE 
LOCK LOOP 
FM STEREO 
DEMODULATOR 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 648C 


0.0025 
!,F 


~4 


COMPOSITE 
MULTIPLEX 
INPUT 
LED 
STEREO 
INDICATOR 
LAMP 
LEFT 
OUTPUT 
RIGHT 
OUTPUT 


NOTES: 


C4 may be removed 
for most applications 


C6 Tolerance::: 
±1 % in test circuit and ±5% 
in typical 
applications 


R3 Tolerance:: 
±1 % 


R4 Tolerance::: 
±10% 


Rl 
and R2 Tolerances:: 
±1% 
in test circuit and ±5% 
in 
typical application 


C61 


390 
pF 


R4 
5k 
OSCILLATOR 
ADJ. 


Rating 
Value 
Unit 


Supply Voltage 
18 
Vdc 


Supply Voltage (<;; 15 Seconds) 
22 
Vdc 


Voltage 
at Lamp Driver Terminal 
22 
Vdc 


(Lamp OFF) 


Junction 
Temperature 
150 
°e 


Operating 
Temperature 
Range 
-40 to +85 
°e 


Storage 
Temperature 
Range 
-65 to +150 
°e 


Operating 
Voltage 
Range 
8-16 
Vdc 


ELECTRICAL 
CHARACTERISTICS 
ITA: 
25°C. Vee: 
+12 Vdc. 19 kHz pilot level: 
30 mVIRMS). Multiplex 
SignallL: 
R. pilot OFF) 


= 300 
mV(RMS), 
Modulation 
Frequency 
= 400 
Hz or 1 kHz. Test Circuit 
1, unless otherwise 
specified) 


Characteristic 
Min 
Typ 
Max 
Unit 


Current 
Drain 
- 
21 
35 
mAde 


Lamp OFF 


Maximum 
Available 
Lamp Current 
100 
150 
- 
mAde 


Voltage 
@ Lamp Driver Terminal 
- 
1.0 
18 
Vdc 


ILamp: 
50 mA 


DC Voltage 
Shift @ Either Output 
Terminal 
- 
20 
100 
mVdc 


Stereo to Mono Operation - 
No Lamp 


Power Supply Ripple Rejection 
35 
50 
- 
dB 
200 Hz. 200 mV(RMS) 


Input Resistance 
20 
35 
- 
kO 


Output 
Resistance 
0.9 
1.3 
1.7 
kll 


Channel 
Separation 
dB 
100 Hz 
- 
40 
- 


400 Hz 
30 
45 
- 


10 kHz 
- 
45 
- 


Channel 
Balance 
- 
0 
1.0 
dB 


Voltage 
Gain 
0.6 
09 
13 
VIV 


1 kHz 


Pilot Input Level 
mVIRMS) 


Lamp Turn·On 
- 
15 
20 
Lamp Turn·Off 
2.0 
7.0 
- 


Pilot Input Level Hysteresis 
3.0 
7.0 
- 
dB 
Lamp Turn-Off 
to Turn-On 


Capture 
Range 
2.0 
4.0 
6.0 
% 


Total Harmonic 
Distortion 
- 
0.2 
1.0 
% 


Multiplex 
Level: 
600 mVIRMS) Pilot OFF 


9 kHz Rejection 
25 
35 
- 
dB 


38 kHz Rejection 
25 
45 
- 
dB 


SeA Rejection (Note 2) 
- 
70 
- 
dB 


VCO Tuning 
Resistance 
(Note 3) 
21.Q· 
23.3 
255 
kO 


VCO Frequency 
Drift 
% 


ooe <;; TA <;; 25°C 
- 
- 
±2 


25°C:s.;; TA ~ +70oC 
- 
- 
±2 


NOTES. 


1. 
Rating 
applied 
for ambIent 
temperatures 
R8JA = lOQ°C/W 


2 
Measured 
with 
a stereo 
composite 
signal 
conSistency 
of 80% 
stereo, 
10% 
pilot and 
10% 
SeA 
as defined 
In the FCC Rules 
on Broadcasting 


3. 
Total 
resistance 
fom pin 15 to ground, 
In test CirCUIt 1, required 
to set reference 
frequency 
at pin 11 
10 19 kHz ± 10Hz 


NOTES: 


I. LEAOS WITHIN 0.13 mm 10.00S) 
RAOIUS OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL 
CONOITION. 
2. DIMENSION "L" 
TO CENTER OF 
LEAOS WHEN FORMEO 
PARALLEL. 


3. OIMENSION "B" OOES NOT 


INCLUDE MOLO FLASH. 


4. ROUNOEO CORNERS 


OPTIONAL. 


S. EXTERNAL 
LEAO CONNECTION, 


BETWEEN 4 ANO S, 12 ANO 13 


AS SHOWN. 


MILLIMETERS 


OIM 
MIN 
MAX 


A 
lB.BO 
21.34 


~~~O 
660 


C 
4.06 
S.OB 


o 
0.3B 
0.S3 


F 
1.02 
1.18 


G 
254 BSC 


H 
0.38 
2.41 


J 
0.20 
0.3B 


K 
2.92 
3.43 


L 
7.62 BSC 


M 
00 
100 


N 
O.SI 
1.02 


INCHES 
MIN 
MAX 


0.740 
0.840 


0140 
0160 
0160 
0.100 
O.OIS 
0.011 


0.040 
0.070 
OIOOBSC 
O.OIS 
0.09S 
O.OOB OOIS 
OilS 
0.13S 
0.300 BSC 
00 
100 


0010 
0.040 


SECTION 5 
APPLIANCE 
INTEGRATED 
CIRCUITS 


Device 
Designation 
Package 
Page 


MC3490 
7-Digit 
Gas Discharge Display 
Driver 
648 
2 - 83 
MC3491 
8-Segment Visual Display 
Driver 
701 
2 -89 
MC3492 
8-Segment Visual Display 
Driver 
701 
2 - 89 
MC3494 
7-0 igit Gas 0 ischarge 0 isplay Driver 
648 
2 - 83 


MC14466 
Low Cost Smoke Detector 
648 
5-3 
MC144100 
CMOS Duplex 
Mode 32-Segment 
LED Driver 
709 
3 - 67 
MC144115 
CMOS 2-Digit/16-Segment 
LCD Driver 
709 
3 - 80 
MCM2801 
NMOS 16x16 Electrically 
Erasable PROM 
632 
3 - 86 
MCM144102 
CMOS 16x16-Word 
Static Ram 
626 
3 - 98 
SAA1006 
Diode Matrix 
Encoder 
648 
3 - 103 


SMA2001 
See MCM2801 
632 
3 - 86 
TDA1085A, 
C 
Universal Motor 
Speed Controller 
648 
5-8 
TDAl185 
Triac Firing Angle Control 
Circuit 
646 
5 - 15 
UAA1004 
Zero Voltage Switch 
601/626 
5 - 19 
UAA1016A, 
B 
Zero Voltage Switch 
626 
5 - 23 
UAA2022 
16-Bit 
LED Driver/ 
or MPU Interface 
Circuit 
724 
3 - 182 


The MC14466 together with an ionization chamber will detect smoke 
using a minimum 
of external components. 
When smoke is sensed, an 
alarm is sounded via an external piezoelectric 
transducer 
and internal 
drivers. This circuit is designed to comply with the U. L. 217 specifica- 
tion. 


• 
Ionization Type with On-Chip FET 


• 
Piezoelectric Horn Driver 


• 
Guard Outputs on Both Sides of Detect Input 


• 
Low Battery Trip Point Internally Set Can Be Altered Via External 
Resistor 


• 
Detect Threshold Internally Set Can Be Altered Via External 
Resistor 


• 
Pulse Testing for Low Battery Uses LED for Battery Loading 


• 
Comparator 
Outputs for Detect and Low Battery 


• 
Internal Reverse Battery Protection 


Detect 
Camp 
Out 


N/C 


Low 
V 
Se, 


Low 
V 


Camp 
Out 


LED 


VDD 


Timing 
Resistor 
Horn 
Out 
1 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
6488 


NOTE' 
Pins 
15 and 
16 are 
connected 
via 
a 


metal 
shorting 
bar. 
See 
package 
de- 


tails in data sheet. 


Guard 


Detect 
Input 


Guard 


SensitivitY 
Set 


Osc 
Capacitor 


Horn 
Out3 


Horn 
Out 2 


VSS 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VDD 
-0.5 
to 
+ 15 
Vde 


Input 
Voltage, 
All Inputs 
Vin 
- 0.25 to VDD 
+ 0.25 
Vde 


DC Current Drain per Input Pin 
I 
10 
mAde 


DC Current Drain per Output 
Pin 
I 
30 
mAde 


Operating Temperature 
Range 
TA 
o to 
+50 
'C 


Storage 
Temperature 
Range 
Tstn 
-55 
to + 125 
'C 


Reverse Battery Time 
tRB 
5.0 
s 


Parameter 
Symbol 
Value 
Unit 


Supply 
Voltage 
Vnn 
9.0 
Vde 


Timing Capacitor 
- 
0.1 
~F 


Timing 
Resistor 
- 
B.2 
MO 


Battery 
Load IResistor 
or LEDI 
- 
10 
mAde 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Ma. 
Unit 
Vde 


Operating Voltage 
VDD 
- 
60 
- 
10 
Vde 


Output 
Voltage 
Piezoelectric Horn Drivers UOH = 16 mAl 
VOH 
7.4 
6.5 
- 
- 


Comparators 
IIOH = 30 ~AI 
9.0 
8.5 
88 
- 


Piezoelectric Horn Drivers (I0L = -16 
mAl 
VOL 
7.4 
- 
- 
0.9 


Comparators 
1I0L = - 30 ~AI 
90 
- 
0.1 
0.5 


Output 
Current 
- 
LED Driver 
IOL 
7.4 
10 
- 
- 
mAde 
1VOL = 3.0 Vdel 


Active Guard Drive 
RL to VDD 
RL 
9.0 
- 
100 
- 
kO 


Capability 
RL to VSS 
- 
30 
- 
MO 


Operating 
Current 


IDD 
9.0 
- 
50 
90 
~Ade 
IRBias=8.2 
MOl 


Input 
Current 
- 
Detect 
140% R.H.I 
lin 
9.0 
- 
- 
± 1.0 
pAde 


Internal 
Set Voltage 
- 
Low 
Battery 
VLow 
9.0 
72 
- 
78 
Vde 
- 
Sensitivity 
VSet 
- 
47 
50 
53 
%VDD 


Hysteresis 
VHvs 
9.0 
75 
100 
150 
mVde 


Offset 
Voltage 
Imeasured 
at Vin = VDD/21 
Active Guard 
Vas 
9.0 
- 
- 
±100 
mVde 
Detect Comparator 
9.0 
- 
- 
±50 


Characteristics 
Symbol 
Min 
Typ 
Max 
Units 


Oscillator Period 
No Smoke 
1.34 
1.67 
20 
s 


Smoke 
tCI 
32 
40 
48 
ms 


Oscillator Pulse Width 
PWCi 
8 
10 
12 
ms 


Horn Output 
On Time 
PWon 
- 
200 
- 
ms 


(During Smoke) 
OffT,me 
PWoff 
- 
40 
- 
ms 


LED Output 
Between Pulses 
'LED 
32 
40 
48 
s 


On Time 
PWon 
8 
10 
12 
ms 


Horn Output 
On TIme 
ton 
8 
10 
12 
ms 
(During Low Battery) 
Between Pulses 
'off 
32 
40 
48 
s 


High = Horn Enable 


MOdUI~t~~~= 
Low=Horn 
Disable 
Jl-- 


LED - 
---, 
~<'-----1,---------, 
r-----<~l I _ 


Pulse - 
U 
U 
U 
UJ 


--124 
Clock 
Cycles ~ 
24 Clock 
Cycles -oJ 
L.- 10 s 


40 s 
1 s 


NOTES: 
1. Horn modulation 
IS self-completing. 
When gOing from smoke to no smoke. the alarm condition WIll terminate only when horn IS off. 


2. Comparators 
are strobed on once per clock cycle 11.67 s for no smoke. 40 ms for smokel. 


3. Low battery comparator 
information 
is latched only during LED pulse. 


NOTES, 


1. LEAOSWtTHIN 
0.13 
mm (0.0051 


RAOIUS 
OF TRUE 
POSITION 
AT 


SEATING 
PLANE 
AT MAXIMUM 


MATERIAL 
CONDITION. 


2. OIMENSION 
T' TO CENTER 
OF 


lEADS 
WHEN 
FORMEO 


PARAllEl. 


3. DIMENSION 
"B" 
OOES 
NOT 


INCLUDE 
MOLD 
FLASH. 


4. 
ROUNDED 
CORNERS 


OPTIONAL. 


5. EXTERNAllEAO 
CONNECTION, 


BETWEEN 
15 AND 
16 AS SHOWN. 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
18.80 
21.34 
0740 
0.840 
+~~o 
~ 
-V4O ~ 
C 
4.06 
5.08 
0160 
020 


0 
038 
0.53 
0015 
0021 


F 
1.02 
1.78 
0040 
0.070 


G 
2.54 
BSC 
0100 
BSC 


H 
0.38 
2.41 
0,015 
0095 


J 
0.20 
038 
0008 
0015 


K 
292 
3.43 
0.115 
0.135 


l 
7.62 
BSC 
0300 
BSC 


M 
D· 
lDO 
D· 
100 


N 
0.51 
I 
1.02 
0020 
0.040 


TIMING 
The internal 
oscillator 
of the MCl4466 
operates with 
a 
period of 1.67 seconds during 
no-smoke conditions. 
Each 
1.67 seconds, internal power is applied to the entire IC and a 
check is made for smoke. Every 24 clock cycles a check is 
made for low battery by comparing VDD to an internal zener 
voltage. 
Since very small currents are used in the oscillator, 
the oscillator capacitor should be of a low leakage type. 


DETECT CIRCUITRY 


If smoke is detected, 
the oscillator period becomes 40 ms 
and the piezoelectric 
horn oscillator 
circuit is enabled. The 
horn output 
is modulated 200 ms on, 40 ms off. During the 
off time, smoke is again checked and will inhibit further horn 
output 
if no smoke is sensed. During smoke conditions 
the 
low battery detection is inhibited, but the LED pulses at a 1.0 
Hz rate. 
An active guard is provided on both pins adjacent to the 
detect input. The voltage at these pins will be within 
100 mV 
of the input signal. This will keep surface leakage currents to 
a minimu'Tl and provide a method 
of measuring the input 
voltage without 
loading the ionization 
chamber. 
The active 
guard op amp is not power strobed and thus gives constant 
protection 
from surface leakage currents. Pin 16 of the active 
guard is connected to pin 15 (the detect input) during ship- 
ping to protect pin 15 from static damage. 


SENSITIVITY/LOW 
BATTERY THRESHOLDS 


Both the sensitivity threshold and the low battery voltage 
levels are set internally 
by a common 
voltage divider con- 


nected 
between 
VDD 
and 
VSS. 
These voltages 
can be 
altered by external resistors connected 
from pins 3 or 13 to 


either VDD or VSS. 
There will be a slight interaction 
here 
due to the common 
voltage divider network. 


TEST MODE 


Since the internal 
op amps and comparators 
are power 
strobed, adjustments 
for sensitivity or low battery level could 
be difficult 
and/or 
time-consuming. 
By forcing 
pin 12 to 
VSS, the power strobing is bypassed and the outputs, 
pin 1 
and 4, constantly 
show 
smoke/no 
smoke and good 
bat- 


tery/low 
battery, 
respectively. 
Pin 1= VDD for smoke and 
pin 4= VDD for low battery. In this mode and during the 10 
ms power strobe, chip current rises to approximately 
50 p.A. 


LED PULSE 
The 9-volt battery level is checked every 40 seconds during 
the LED pulse. The battery is loaded via a 10 mA pulse for 10 
ms. If the LED is not used, it should be replaced with an 
equivalent 
resistor such that the battery loading remains at 
10 mA. 


HYSTERESIS 


When smoke is detected, the resistor / divider network that 
sets sensitivity 
is altered to increase sensitivity. 
This yields 
approximately 
100 mV of hysteresis and avoids false trigger- 
ing. 
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15 
7 


3 
14 


A/ 
4 
~ 
13 
330 
5 
U 
12 
:> 


8.2 M 
6 
11 
0.1 ~F 
7 
10 
J 
",>I 


8 
9 
c: 
+ 
E 
=- 9V 
'" 
u... 


J 
8 
150kO 


0 


~ 
Test 


~ 


===t= VOO' 
9.0 Vdc 
TA' 
2S'C =i===1 


~ 
~ 


VOO' 
72 Vdc 


I 
TA • 2S'C +---i 
r-+ VOO • 9.0 Vdc 
I 


~ 
VOO' 
7.2 Vdc 
I 
I 
, 
I 
I 


p. CH SOURCE CURRENT F=1 


I 
I 


I 
I 
I 


r-- - 
Voa '" 9.0 Vdc 
I 
TA'2S'C +-- 


\ 
I 
I 


,/I 
VOO 
= 7.2 
Vdc 
I 


• 
I 
I 


N . CH SINK CURRENT == 
I 
I 


I 
I 


;( 
E 
;: 
100.0 
~ 
=>uz 


~ 
10.0 
9 


10.0 


;(g 
1.0 
~~ 
=> 
uz 
~ 
0.1 
0 
9 


TA:250C~ 


Voa :::9.0 Vdc 
or 7.2 Vdc 


.- 


'" 
p. CH SOURCE 
AND 
N·CHSINK 
CURRENT 


I 


I 


TDA1085A,C 


UNIVERSAL 
MOTOR 
SPEED CONTROLLER 


The 
TDA 108SA 
has all the necessary 
functions 
for the speed 
control 


of 
universal 
(AC/DC) 
motors 
in 
a 
closed 
loop 
configuration. 


Additionally 
it has 
the 
facility 
for 
defining 
the 
initial 
speed/time 
characteristic. 
The circuit 
provides 
a phase 
angle varied 
trigger 
pulse 
to the motor 
control 
triac. 


• 
Guaranteed full wave triac drive 


• 
Soft start 
from 
power'up 
• 
On-chip 
frequency/voltage 
convertor 
and ramp generator 
• 
Current limiting incorporated 


• 
Direct 
drive from 
AC line. 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


.• Vec 


SHUNT 
REGUlATOR 
} 


8AllAST 
RIESlSTOA 
- Vec 


Parameter 
Symbol 
V.IU8 
Unit 


Power Supply Voltage 
Vpin 9.8 
17 
V 
----~------- 
--- 
.__ .._---- 


Power Supply Current (pin 10 open) 
Ipin 9 
15 
mA 


Peak Power Supply Regulation Current 
Ipin 9 + Ipin 10 
35 
mA 
-- 
. 


Peak AC Synchronisation Input Current 
Ipin 1 


" 


mA 
-- 


Ipin 2 
..- 


Peak Output Triggering Current 
lpin 13 
mA 
(pulse width 300 
j.lS; duty cycle "3%1 
200 
-_._- 
.. 


Current Drain per listed pin 
115 
1 
mA 


'3 
-5 


112 
-3, +0.1 
_. 
- 


Power Dissipation IT A ""250 C) 
Po 
625 
mW 
Derate above 25 
<J C 
1I8JA 
6.8 
mW/oC 


Operating Temperature Range 
TA 
o to +70 
°c 


Storage Temperature Range 
Tstg 
-55 to +125 
°c 


Characteristic 
Symbol 
Min. 
TYp· 
MIX. 
Unit 


Regulated Voltage- 
VCC 
V 
(19+ 110= 10mAI 
14 
15.5 
17 


Voltage Regulator 
Monitoring Enable Level- 
VME 
VCC-l 
15.1 
VCC-0.3 
V 


Monitoring Disable Level- 
VMO 
14.5 
V 


Internal Current Consumption' 
Ipin 9 
4.2 
mA 


Reference Input voltage Rarige1 
Vpin 5-8 
0.08 
13.5 
V 


Reference Input Bias Current 
Ipin 5 
-20 
~A 


Distribute Low Level Voltage Range 
Vain 6 
0 
2 
V 


Distribute- 
Low Level (fig. 2) 
I 
VOL 
I 
VpinG 
I 
vpin 6 I 


,Vpin 6 I 
V 


-20mV 
+ 20mV 
Ramp Generator 
Distribute-Upper 
Level- (fig. 21 
VOU 
V 


(Vpin G = 950 mY) 
1.9 V6 
2 V6 
2.1 V6 


low-Higll 
Acceleration Range (fig. 2) 
l>VOA 
400 
mV 


High Acceleration Charging Current 
ICH7 
1.2 
mA 


Low Charging Currene 
'Cl7 
3 
5 
7 
~A 


Characteristic 
Symbol 
Min.· 
Typ. 
MIx. 
Unit 


Stage 
Cur rent 
Gal n 


t>IOL7 
65 
170 
235 
- 
~ 
Current 
Limiter 
----. - - -- 
--- - 
- -- -------- 
---- 


Output 
Discharg~ Current 
Swing 
IOU 
3.5 
7 
mA 
-- 
-----~ --------.--------------- 
- -- 


Actual 
Speed 
Voltage 
Aange 
Vpln 
4-8 
0 
13 
V 
---- 
-- --- ~._------ --~- 


Actual 
Speed 
Input 
Bias Current 
Ipin 
4 
-350 
nA 
- 
._-------------- 
---- 


Total 
Input 
Offset 
Voltagf'oI 
Voff 
60 
-1 
mV 


Control 
Amplifier 
----- 
------ 
------- 


Transconductance 
( 
" 'pin 16 
) 
300 
"AN 
I.6V pin 
4 
-.6V 
pin 
7} 
9m 
200 
400 


.- ----- - 
------"--'--- -_.- 
.~------- 


Output 
Current 
SWing 
Ipin 
16 
! 100 
"A 
-- -- 
... _.- 
._-- -- 
- 
-- 
------ - 
- 
-- 
---_._-- 
------- 
--- 
1---- 


Inpl.t 
Signal 
Low 
Voltage~ 
VL12 
-0_1 
V 


-- 
_ ..__ .....- ------------------- 
--- 


Input 
Signal 
High 
Voltage 
VH12 
0.1 
5 
V 


FreQllency 
/Voltage 
---_ .. - -_. 
_.._----_.- ._- ~_._~- 
------ 
- 


Converter 
Polarisation 
Current 
Ipin 
12 
-25 
"A 
---------- 
-_._. -_._ .._- ---- 
----- 
--- 
----- 


ConverSion 
Aat~~ • 
KC 
15 
mV/Hz 


- 
-_._- 
- 
- 
-_.- ---- 
--- 
---- 
- - 


Pin 
12 clamped 
voltage 
in reset 
condition 
5.6 
V. 
--------- 
._----- -----_. ----- ------- -- -- 
- - 


Voltage 
Synchronisation 
Levels 
Ipln 
2 
'SO 
± 100 
"A 
----------------- 
- 


Current 
Synchronisatlon 
Levels 
Ipin 
1 
'SO 
± 100 
"A 
-- 
----.. - ---- 
--- --- 
------- 
---_.-- -- 


Input 
Voltage 
Swing 
V 
V 


(for 
full 
angle 
swing) 
11_7 


-- -- - - -~----. - 
-- ----~---- -- 


Tngger 
Trigger 
Pulse Width' 
t 
55 
85 
", 


Pulse 
Generator 
-- 
--_._._. - - 
------- ------- 
---- 
--- 


Trtgger 
Pulse 
Repetition 
Period 
T 
215 
400 
"' 
--_._--- 
._------- -- ------- 
-- 


Trigger 
Pulse 
High 
Level 
Vpin 
13 
V 


(lpin 
13 = 150mAI 
VCC-4 
_._--- - 
- 
--- - -- 
------- 
--- 
-- 


Output 
L('akage 
Current 
lopin 
13 
"A 


(V 
pin 13 = 0 VI 
30 


I PinS 
1,2,11,12,14 
and 
15 
not 
connected; 
ptns4,5,6and 
7 


grounded 
to pin 
8: 
VCC 
::::15.5 
V 


~ When 
Vpln 
5 
IS 
~- 80 
mV, 
the 
Internal 
monitoring 
CirCUit 


Interprets 
It 
as 
a 
true 
Zero, 
thus 
mlnlnllSlO9 
the 
effects 
of 


control 
amphfier 
offsets. 


I ThiS 
value 
should 
be accounted 
for 
when 
externally 
setting 
the 


distnbute 
acceleration 
charging 
current. 


.• Voff 
IS defined 
as 
being 
the 
...•oltage 
difference 
betv..een 
pin 
5 


and 4 with 
no current 
flow 
on pin 
16_ 


\ The 
negative 
SWing is clamped 
to -0.3 V. ~ 
)-1 


" Vpln 4: 
K-Cp1n 
11 
- (VCC-Va' 
• Apin 
4 
• 1+ 140 
X 10] 
• freqin. 


Apin 11 


Where: 
9 <K 
< 13 & Va:: 1.3 V. 


~ The 
timing 
given 
is when 
Cpin 
14'" 
47 
nF 


• These 
f;gures 
apply 
for 
the 
appltcation 
shown 
in figure 
4. 


VOLTAGE 
REGULATOR 
- 
(pins 8, 9, 10). This is a 
parallel 
type 
voltage 
regulator 
able to 
sink 
a large 
amount of current while offering good regulation chao 
racteristics. 
A resistor between pins 9 and 10 reduces the internal 


power 
dissipation. 
Under 
minimal 
current 
sink 
con- 
ditions (min. current from the unregulated supply, max. 
consumption 
by the circuitry) 
at least'1 mA should flow 


through 
this 
resistor. 
Under 
max. 
sink 
conditions 
(max. 
current from the unregulated supply. min. consumption 


by 
the 
circuitry) 
the 
maximum 
resistor 
value 
is chosen 


so that the voltage at pin 10 falls towards 3 V, but not 
lower. The above, fixed dynamic range of the regulator 
must not be exceeded within one line cycle. 
A power supply failure causesshut-down. 
For 
operation 
from 
an externally 
regulated voltage, 


pin 10 is not 
connected. 


SPEED SENSING 
- 
(pin 4,11,12). 
Speedsensingcan 


be achieved either digitally 
(tachogenerator frequency) 


or analogically (tachogenerator amplitude). 
For 
digital 
sensing a bipolar 
signal, with 
respect to 
ground, is applied to pin 12. During positive excursions 


Cpin 
11 
is charged. 
An 
internal 
mirror delivers 
ten times 


The 
shape of 
the 
curve 
is determined 
by CRpin 
7; where 


Cpin 7 defines the high acceleration slope and Rpin 7 defines 
that of the low acceleration. 


the 
charge on 
CPln 11 via 
pin 4 
However, due to 


internal 
circuitry 
the 
charge 
on 
pin 4 
can 
vary 
in 
the 


region of 9 to 13 times the charge on Cpin 11 For that 


reason 
it is necessary 
to calibrate 
the 
Frequency/Voltage 
Convertor (F/VCI with a variable resistor on pin 4. Thus 


as 
can 
be 
seen 
the 
relationship 
between 
speed 
and 


Vpin 4 is defined by Rpin 4 and Cpin 11· 
To 
maintain 
linearity 
in 
the 
high 
speed 
ranges 
it 
is 


importil()t 
that 
epin 11 
IS 
fully 
charged across an 
equivalent resistor of about 
140 kn. 
It should be borne 
in mind that ·the impedance on pin 11 should be kept as 
low as possible as Cpin 11 has a large influence on the 
temperature coefficient 
of the FV!C. The time constant 
on pin 4 should also be kept aslow aspossible. 


Pin 12 
is also 
an 
impedance 
monitoring 
input; 
at 
high 
impedances Vpin 12 increases. Should Vpin 
12 exceed 


5 V 
the 
triac 
trigger 
pulses 
are 
inhibited 
and 
the 
circuit 


resets. 
A 470 kn 
resistor from 
pin 11 
to 'VCC 
significantly 


reduces the 
leakage current 
and reduces the device 


temperature 
coefficient 
to almost 
zero. 


For analogue sensing input 12 should be grounded and a 
positive signal, with respect to ground, pin 8, applied to 
pin 4. 


·l--, 


I 
I 


RAMP 
GENERATOR 
- 
(pin 
5, 6, 7) (refer 
to figure 
2l. 
A pre set 
voltage 
applied 
to 
pin 
5 will 
initiate 
the 


generation 
of a ramp 
whose 
final 
value 
is determined 
by 
the voltage 
applied 
to pin 5. The voltage 
applied 
to pin 6 
will 
determine 
how 
much 
of the 
full 
ramp, 
shown 
in 


fiqllre 
2, 
IS used. 
The 
charging 
current 
passing 
through 


pm 7 to 
the 
ramp 
generator 
timing 
capacitor 
determines 


the ramp slope. 
When 
pin 6 
is held 
at 
- VCC 
a charging 
current 
of 
1.2 mA 
IS delivered 
to pin 7, regardless 
of the voltage 
of 
pin 5. This represents 
the high 
acceleration 
period 
shown 


in figure 
2. 


If the pre·set 
voltage 
applied 
to pin 5 is equal 
to at less 
than 
the 
voltage 
on 
Pin 6 the 
charging 
current 
will .be 
1.2 mA, high acceleration. 
If the pre'set 
voltage 
applied 
to pin 5 is between 
Vpin 6 
and 
2 
Vpin 6 
the 
charging 
current 
is 
1.2 mA, 
high 
acceleration, until the voltage at the reference input of 
the 
control 
amplif,er 
equals 
Vpin 6. At 
this 
point 
the 


charging current 
will 
switch 
to 
5 pA; 
I.e. 
low accel· 


eration. 
If the 
pre· set 
voltage 
applied 
to pin 5 is greater 
than 
2 
Vpin 6 
the 
charging 
current 
will 
be 
1.2 mA, 
high 
acceleration, until the control amplifier's reference input 
reaches 
Vpin 6 
when 
,t 
will 
switch 
to 
5 !lA, 
low 
acceleration, 
until 
2 Vpin 6 is reached. 
At this point 
the 
charging current will revert to 1.2 mA, high acceleration, 
until 
the final value, Vpin 5, is reached. 
Should 
the pre·set 
voltage 
at pin 5 fall below 80 mV the 
triac trigger 
pulses 
are inhibited 
and the circuit 
resets. 


This fact 
should 
be borne 
in mind 
when switching 
from 


one pre-set 
value 
to another. 


As 
long 
as 
the 
voltages 
applied 
at 
pins 5 and 
6 are 
derived 
from 
the 
internal 
voltage 
regulator 
they and the 


voltage 
on pin 4 are ratioed 
and thus 
independant 
of the 


voltage 
regulator 
spread 
and temperature 
coefficient. 


CURRENT 
LIMITER 
- 
(pin 3). Safe operation 
of the 


motor 
and 
triac 
under 
all conditions 
is ensured by 


reducing 
the 
motor 
speed 
if 
a pre-set 
current 
limit 
is 


exceeded. 
This 
is achieved 
as follows: 
The motor 
current 
will set 


up 
an 
alternating 
current, 
consisting 
of 
positive 
and 


lIegative 
peaks, 
through 
the 
shunt 
resistor 
(0.05 n in 
figure 4l. 
The 
negative 
peaks 
of 
this 
current 
are 
fed 
through 
a 
resistor 
to pin 3 where 
they 
are compared 
with 
a pre'set 
current, 
defined 
by a further 
resistor 
between 
pin 3 and 
• VCC. An excessive 
shunt 
current 
wi II try 
to pull pin 3 
below 
VCC' 
but 
the current 
limiter 
becomes 
active 
at 
this 
point 
and 
reduces 
the 
charge 
on 
Cpin 7 conse· 
quently 
reducing 
the motor 
speed. 


Thus 
the 
value 
of the 
shunt 
and 
the 
ratio 
of the 
two 
resistors 
to 
pin 3 
fix 
the 
level 
at 
which 
the 
limiter 
becomes 
active 
while 
the 
parallel 
equivalent 
of the 
two 
resistors 
determines 
the 
magnitude 
of 
the 
discharge 
current and thus how rapidly the circuit responds to an 
over current condition. 


CONTROL 
AMPLIFIER 
- 
(Pin 16). Connected 
to this 
pin is a network which compensates electrically for the 


mechanical 
characteristics 
of 
the 
motor 
and 
its load 
to 
give 
the 
circuit 
optimum 
closed 
loop 
stability 
and 
transient 
response. 


The 
component 
values 
are 
best 
determined 
empirically 
by connecting 
Rand 
C substitution 
boxes 
and 
looking 
for the best results. 


TRIGGER 
PULSE GENERATOR 
- 
(pins 
1, 2, 13, 14, 


151. This circuit 
performs 
four functions: 


1. The 
conversion 
fa the control 
amplifier's 
DC output 


level 
to 
a 
proportional 
firing 
angle 
positioned 
to 
within 
half a line cycle. 


2. The calibration 
fa the pulse width. 


3. The 
repetition 
of the firing 
pulse 
if the 
triac 
fails to 
latch, 
or 
if 
the 
current 
is 
interrupted 
by 
brush 


bounce. 


4. To delay the firing 
pulse until 
the current 
crosses 
zero 


at wide 
firing 
angles. 


Rpin 15 and 
Cpin 14 
fix 
the 
sawtooth 
while 
Cpin 
14 
also determines 
the pulse width. 


Pin 13 
is the 
trigger 
pulse 
output. 
A current 
limiting 
resistor is essential on this pin. This configuration will 
drive 
two thyristors 
controlling 
a bridge 
if the supply 
for 
the speed 
controller 
is isolated. 


r---r 
l 
l- 


( 


SO 
51 j" f" 
• 
R21 
• 
H20 
-INN- 
-INN- 


• 
211..710, 
• 
R1B 
R14 
RIg 
~k 
l~O~ 
a~o 


I 
0' 


[ 
I 
--= _'N:' 


[ 
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- 
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I l;~,~:~~,~ 
T 
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lOOk 
c\ 
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I 
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T'· 
T""l"" 
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I 
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-- 
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I 
; 
- 
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Chosen to suit the speeds required 
Adjust 
for the highest 
speed 


.;..•• 
Rp.ouired onlv with 'A' suffix de..•.ice 


R17 
= 
given 


R18 
= 
R17 I 15.5 V -11 


Vw 


RIg 
= 
R17 I 14.8 V 
-1) 
Vspm 2 


R20 
= 
R17 { 14.8 V -11 -RIg 
Vspin 1 


R21 
= 
R17{ 
14.8V 
-II-RIg 
R20 


K.VW 


R15 
. 
R21 
( 
K.VW 
) 


15.5 V 12-KI 


R14 
. 
R15{~-11 


Vw 


_VDI5T 
'. 2 = K 
VWA5H 


Note: 


When 
changing 
from 
one 
speed 
to another 
VPIn 
5 must 
not 


be 
allowed 
to 
fall 
below 
80 
mV--otherWIse 
the 
CIrcUIt 
VIIill 


reset and 
restart 
from 
zero. 


51 
52 
SJ 
54 
Vpin 5 
Vpin 6 


Wash 
sc 
DC 
oc 
DC 
Vw 
0 


Distribute 
oc 
Sc 
oc 
oc 
KVW 
Vw 


Spin 
1 
.....KVW 
K 
DC 
oc 
SC 
oc 
2VW 


Spin 2 
DC 
oc 
DC 
SC 
»KVW 
~VW 


Vw 
VD 


Vsp1n 
1 


Vsp1n 
2 


K 


07V 


1.13 
V 
5V 


11 V 
1.6 


NOTES, 
1. lEADS 
WITHIN 
0.13 mm 
10.005) RAOIUS OF TRUE 
POSITION AT SEATING 
PLANE 
AT MAXIMUM 
MATERIAL CONOITION. 


2. OIMENSION "L" 
TO 
CENTER OF LEAOS 
WHEN FORMED 
PARALLEl 


MllllMETE~S 
IN 
HES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
20.10 
21.34 
0.815 
0.840 
• 
6.10 
6.60 
0.240 
0.260 
C 
4.0 
4.57 
0.160 
0.180 
0 
0.38 
0.51 
0.015 
1lO20 
f 
1.02 
1.52 
0.040 
0.060 
G 
2.54 8SC 
0.100 8SC 
H 
1.32 
1.8 
0.052 
0.072 
J 
0.20 
0.30 
0.008 
0.012 
K 
2.92 
3.43 
0.115 
0.135 
L 
7.37 
7.87 
0.290 
0.310 
M 
- 
10" 
- 
10" 
N 
0.51 
1.02 
0.020 
0.040 
, 
0.13 
0.38 
0.005 
0.015 
Q 
0.51 
0}6 
0.020 
0.030 


Circuit 
diagrams 
utilizing 
Motorola 
products 
are included 
as a means of 
illustrating 
typical 
semiconductor 
applications; 
consequently, 
complete 
information 
sufficient 
for 
construction 
purposes 
is not 
necessarilv 
given. 
The 
information 
has been carefullY 
checked 
and 
is 
believed 
to be entirely 
reliable, 
However, 
no responsibility 
is assumed for 
inaccuracies. 
Furthemore, 
such information 
does not convey 
to 
the purchaser 
of the semiconductor 
devices described 
any license under 
the patent 
rights of Motorola 
Inc. or others. 


The 
TDA 
1185 
generates 
gate 
trigger 
pulses 
for 
a triac 
with 
a 
controllable 
phase 
delay. 
Feedback 
loop 
control 
is possible, 
for 
applications 
such as motor 
speed 
control. 
Another 
typical 
application 
is for the soft start-up 
of power 
circuitry. 


• Repetition 
of firing pulse 
if triac fails to latch or current 
interrupted 
by brush 
bounce 


• Typically 
1mA current 
consumption 


• Soft-start 


TDA1185 


TRIAC 
FIRING ANGLE 
CONTROL CIRCUIT 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


PLASTIC 
PACKAGE 
CASE 646 


100~ 
:r tov 


• vcc 


1 


POSITIVE 
FEEDBACK 


ADJUST 


Characteristic 
Min 
Typ 
Max 
Units 


Operating Voltage 
8.6 
V 


Current Consumption Pin 2 not connected 
, 
mA 


Output Pulse Current 
60 
mA 


Output PulseWidth 
C, = 47nF 
55 
~S 


Saw-tooth Sink Current Pin '4 
7.3 
A 
R, 


Saw-tooth Peak (referred to Pin 14) 
-1.58 
V 


Saw-tooth Low Threshold Referred to Pin 14) 
- 
(VCC -1.481 
V 


Comparator Offset 
(V pin 4 - 
V pin 12) 
280 
mV 


TA"25"C 


R INT ( PIN I) -120k 
TYP 
( VPINI 
- VPlNl 
) 
( \/OlTS) 


The 
TDA 
1185 
generates 
trigger 
pulses 
for 
a triac 
for 
phase 
control 
of 
the 
power 
in 
a load, 
such 
as an 
AC 
motor. 
The 
firing 
angle 
of 
the 
triac 
is determined 
by 
comparison 
of 
a ramp 
voltage 
synchronised 
to the 
AC 
supply 
line 
half 
period 
and 
an adjustable 
set 
voltage. 
A 
single 
capacitor 
on 
pin 
4 determines 
the 
slope 
of 
the 
ramp 
and 
the 
trigger 
pulse 
width. 
The 
set voltage 
is the 
sum 
of the 
voltages 
on 
pin 
12 and 
pin 
8. 
Pin 
12 is the 
connection 
for 
the 
normal corttrol 
potentiometer. 
e.g. 
motor 
speed 
control. 
Pin 8 is corrected 
to an integrating 
capacitor 
C3 
and 
in 
the 
typical 
system 
configuration 
(see figure 
1) the 
voltage 
at pin 
8 is the smoothed, 
full 
wave 
rectified 
and 
amplified 
voltage 
given 
by the 
signal 
on 
pin 
9. 
Pin 
9 
is thus 
a positive 
feedback 
input 
with 
transfer function 
as shown 
in figure 2. 


The 
circuit 
in figure 
1 provides 
torque 
regulation 
of an 
AC motor 
due 
to the 
increasing 
current 
vs. load charact- 
eristic 
of 
the 
motor. 
Regulation 
characteristics 
of 
this 
circuit 
with 
a commercial 
AC motor 
are shown 
in figure 3. 


The 
current 
consumed 
by 
the 
circuit 
is the 
sum 
of the 
internal 
I.C. consumption 
plus 
the 
average 
of the 
trigger 
current 
pulses, 
which 
totals 
typically 
2mA. 
Together 


with 
a low 
stabilised 
supply 
voltage 
of 8.6V 
this allows 
a 
low-c<i..t 
dropping 
resistor 
and 
low-eost 
electrolytic 
capacitor 
to be used as the power 
supply. 


Capacitor 
C2 in figure 
1 provides 
a soft-start 
character- 
istic 
: 
the 
firing 
angle 
increases 
gradually 
from 
zero 
when 
power 
is first 
appl ied, at a rate 
determined 
by the 
value 
of C2' 
If power 
to the 
circuit 
is interrupted, 
a reset 
occurs 
in which 
C2 is discharged. 
Thus 
a soft-start 
occurs 
after a power line interruption. 


Synchronisation 
with 
the 
line 
zero 
crossing 
voltage 
is 
derived 
through 
pin 
7. 
In 
controlling 
inductive 
loads, 
the 
current 
lags the 
voltage 
in the 
load 
so current 
syn- 
chronisation 
is also included 
via pin 6. 


AC 
motor 
brush noise can cause the triac current 
to 
collapse 
and load to half-wave 
or assymetric 
use of the AC 
line. 
Therefore 
the 
TDA 
1185 
incorporates 
circuitry 
to 
repeat 
the triac trigger 
pulse 
if the triac has failed 
to latch. 
The value 
of C1 in figure 
1 sets the pulse 
repetition 
delay 
as well as the synchronisation 
ramp 
slope and trigger 
pulse 
width 
as described 
above. 


FEEDBACK 


INPUT 


INTEGRATION 
B 


OF 
FEEDBACK 


U'1 


00 
I PIN. 
10 


PROGR~ 


12 
SET 
SPEED 


SOFT-START 
13 


CAPACITOR 


121lk 
+ 7V(-'lCC) 


ZER9-1 
PHASE 


If 


VCC 


MONITORING 


Designed 
for 
use 
in high 
volume 
AC power 
switching 
applications 
with 
output 
drive 
capable 
of 
triggering 
SCR's 
or 
triacs. 
Other 
operational 
features 
include: 


• 
Direct 
AC line or DC operation. 


• 
A zero voltage 
crossing 
detector 
that synchronises 
the SCR or the triac 
at the zero crossing 
of the AC line voltage. 


• 
High impedance 
input 
differential 
amplifier. 


• 
Built-in 
hysteresis 
which 
avoids 
a DC current 
component 
through 
the 
load. 


• 
Fail 
safe: 
a 
high 
impedance 
differential 
amplifier 
which 
supervises 
the 
sensor 
and 
insures 
that 
the 
triac 
will 
never 
turn 
"on" 
due 
to 
sensor 
failure. 


• 
High 
power. 
asymmetric 
gate 
trigger 
pulses 
for 
power 
saving 
with 
internal 
current 
limitation. 
(Negative 
pUlses) 


• 
Voltage 
reguiator 
for the supply 
of the sensor 
or other 
external 
circuits. 


Typical Application.: 


• 
heater 
control 


• 
hot plate 
control 


• 
photo 
control 


• 
threshold 
detector 


• 
on-off 
power 
control 


• 
relay 
driver 


• 
lamp 
driver 


PIN 
CONNECTIONS 


1. 
INVERTING 
INPUT (iNPUT 
AMP.) 
2. 
NON INVERTING 
INPUT (FAIL 
SAFE) 


3. 
AUXILIARY 
VOLTAGE 
(~) 


4. + Vee (GROUND) 
5. 
AC 
LINE 


6. 
OUTPUT 


7. 
- 
Vee 


8. 
NON INVERTING 
INPUT (INPUT 
AMP.) 


UAA l004-DP 
UAA l004-CM 


DP SUFFIX 
PLASTIC 
PACKAGE 
CASE 626 


eM SUFFIX 
METAL 
PACKAGE 


CASE 601 
TO-99 


IIIItlng 
S""boI 
UAA1-.DP 
UAA1-.c1l 
Unit 


External 
DC Power Supply 
Vee (4-7) 
20 
Vdc 


AC Peak Supply Current 
(sine wave. ~ 
Hz) 
lAC (5-4) 
55 
mA 


Differential 
Input Voltage 
V,. (HI) 
± 8 
Vdc 


V,. (1-2) 
± 8 
Vdc 


Power Dissipation 
TA = 25°C 
p. 
825 
880 
mW 


Oerale above 25°C 
1/8,. 
5.0 
4.8 
mW/'C 


Operating 
Temperature 
Range 
T. 
-2Oto 
+ 75 
- 
55 to + 125 
'C 


Storage 
Temperature 
Range 
T.1, 
-55 
to + 125 - 
85 to + 150 
'C 


Chef.clerlatici 
S,mbol 
Flg.lNola 
Mln 
TJP 
Ma. 
Unit 


Input Common 
Mode 
CMV,. 
-1 
- 
Vec + 2 
V 


Input Differential 
Amplifier 
Input Bias Current 
'''111 
Note 1 
1 
pA 


Input Offset Voltage 
V.lll 
-10 
+ 
10 
mV 
Fig. 5 
Schmitt-Trigger 
Hysteresis 
VHIIl 
+ 
10 
+ 
20 
mV 


Input Common 
Mode 
CMV,. 
-1 
-Vee 
+ l 
V 


Fail Safe Amplifier 
Input Bias Current 
'bill 
Note 1 
1 
pA 


Input Offset Voltage 
V.II 
Note 2 
-20 
+20 
mV 


tLll 
100 
ps 


Synchronization 
Pulse 
Duration 
lUll 
Fig. 3 + 4 
75 
ps 


t., 
20 
pi 


Output 
Amplifier 
Current 
Sink 
1_. 
Note 4 
80 
mA 


V••• 
- 
7.7 
V 
Auxililry 
Voltage 
Te .•.",. 
- 
0.7 
rnVl'C 
Voltage 
Regulator 
Output 
Impedance 
Z. ••• 
10 
() 


Load Current 
Range 
I••• 
Fig. 3 
0.2 
3 
mA 


AC Operation 
Vee 
Fig·. 31Note 3 
-14 
V 


Main 
Supply 
Vee 
-11 
V 
DC Operation 
Ice 
Note 5 
1.9 
mA 


1. 
As the input 
amplifier 
has a common 
pin with 
the fail 
safe amplifier, 
the 
Input 
bias 
current 
of each 
amplifier 
Is defined 
as: 


I•••=+(1 •• + I•• + I.,) 


2. 
This 
characteristic 
can 
be measured 
as in Fig. 5. The function 
generator 
must 
be connected 
between 
pins 
1 & 2 and 
the 
input 
amplifier 
must 
be biased 
with 
pin B positive 
and 
pin 1 negative. 


..•. 


Uk 
21ft. 
....' 
2SV 
U. 


tSk/SW 
U. 


'Vpp 
'''HI 
+ 
I' 
UAA". 
II 
• 
UV 


TOSC~_ 
WWT."",. 


FIGURE 5· 


OFFSET VOLTAGE AND HYSTERESIS MEASUREMENT 


h-I 


: 
••tV 
__ J 
liMa 


DP SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626 
D 


~-A 
, 


~ 
1 
4 


_I LG 


eM 
SUFFIX 
METAL 
PACKAGE 
CASE 601 
TO-99 


MI 
1M 
TERS 
IN 
H 
MIN 
MAX 
MIN 
MAX 


, 
1 


11".. 
• 
1 


MILLIMETERS 


DIM 
MIN 
MAX 


.•. 
9l' 
990 


8 
609 
6]~ 


C 
li]- 
394 
o 
381 
.13 


E 
ili 


IIlOTES: 
1 OIM(H$IOIll 
,".S 
TO lEAD 
tENHlIllNE 
WHEN 
FOAMED 
PUALlEl 
1 fOUll1411NSUlATllllG 
STIoNOOFfS 
AilE 
PROVIDED 


CIrcuit 
dIagrams 
utll'zing 
Motorola 
products 
are 
included as a means 


of 
illustrating 
typIcal 
semIconductor applIcations, 
consequently. 


complete 
,nformatlon 
suff.eient 
tOt 
construct,on 
purposes 
., 
not 


necessarily given. 
The information 
has been carefully 
checked and 


IS 
belIeved 
10 
be 
entIrely 
reI.able 
Howeveof, 
no 
responSIbility 
IS 


assumed for 
inaCcuracies 
Furthermore. 
such ,nformatlon 
does not 


convey 
to 
the 
purchaser 
Of the 
semIconductOr 
deVIces 
descrIbed 
any 


lIcense under the patent rights of Motorola 
Inc. or others 


UAA1016A,B 


Designed 
for 
high 
volume 
AC 
power 
switching 
applications 
in 


conjunction with a triac. 


• AC line or DC operation. 


• Full-wave 
and 
zero 
crossing 
logic 
eliminate 
load 
dc. 
current 
component 
and 
RF I. 


• Negative 
output 
current 
pulse 
(Triac 
quadrants 
2 & 3), 
short 
circuit 
protected. 


• Linear 
ramp 
generator 
allows 
precise 
proportional 
temperature 
control, 
and setting 
of the burst 
frequency. 


• Sensor 
fail-safe. 


(NTC) 


TEMP. 
R2 
SEN 


PLASTIC 
PACKAGE 


CASE 626 


Parameter 
Symbol 
Rating 
Units 


Supply Current 
(pin 7) 
Ice 
15 
mA 


AC Synchronis8tion 
Current 
(50Hz) 
Pin 8 
Isyn 
3 
mA 
RMS 


Input Voltages 
Vpin 3-4 
± 6.7 
volts 


Vpin 2-5 
± 6.7 


Vpin_1-3 
± Vee 
1-4 
Vpin 6-7 
- 
Vee, 
+2.0V 


Current 
Drain (pin 1) 
I pin 1 
1 
mA 


Power dissipation 
(T A = 250 C) 
PD 
680 
mW 


Thermal 
resistance 
8JA 
200 
°eIW 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Current Consumption, 
Pins 6, 8 Non-connected 
Ice 
0.8 
1.5 
mA 


Stabilised Supply Voltage 
-Vee 
-7.6 
-8.6 
-9.6 
V 


Ice = 2mA (pin 51 


Output 
Pulse Current 
lout 
60 
130 
160 
mA 


Vpin6=0 


Output 
Pulse Width 
(figure 2) 
tpl 
58 
80 
u' 


R,yn = nOK 
tp2 
160 
220 


Comparator 
Input Offset Voltage, 
Pins 3 & 4 
Volt 
-10 
+10 
mV 


Comparator 
Common 
Mode Voltage 
Range 
VeM 
-Vee 
+1 
-1.5 
V 


Input Bias Current, 
Pins 3 & 4 
liB 
1 
uA 


Output 
Leakage Current, 
loutL 
± 10 
uA 


Pin 6, Vpin 6 = +2V 


Fail-safe Threshold, 
Pin 3 
VFS 
-0.7 
V 


Characteristic 
SVmbol 
Min 
TVp 
Max 
Unit 


Saw-Tooth Current Output, 
Pin 1 UAA 1016A 
ITL 
2.1 
I'A 


ITH 
15 
I'A 


Pin 1 Clamped Voltage Range For Correct Saw-tooth 
V'CL 
-0.5to-VCC 
V 


Operation UAA 
1016A 


Maximum Source Current, Pin 1 
'pin lmax 
200 
I'A 


Output Voltage, Pin 1 UAA 
1016A 
Vpin 1 
Vpin 2-0.75 
V 


Saw-tooth Threshold Levels. Pin 2 
VTH1 
-lV. 
V 


VTH2 
(- 
VCC + 1.251 
V 


Average Capacitor Charging Current, Pin 2 (Source) 
Ipin 2 
7.5 
I'A 


Capacitor Discharge Current Pin 2 (Sink) Average 
I'Pin 2 
6.4 
mA 


Typical Saw-tooth Pulse Length 
tsaw 
0.85 
S 


C = 11'F 


The 
I.C. 
can 
be directly 
powered 
from 
the 
mains 
via a 
dropping 
resistor, 
diode, 
and a smoothing 
capacitor. 
The 
current 
consumption 
of the 
UAA 
1016 
is typically 
less 
than 
1 mA so that 
the average 
current 
drawn 
through 
the 
dropping 
resistor 
is largely 
the gate drive for the triac plus 
the current 
drawn 
by the sensor 
bridge. 


Triac 
drive 
pulses 
are delivered 
at the zero crossings 
of the 
mains 
line 
sensed 
by 
pin 
8 
if 
the 
comparator 
input 
(pins 
3-4) 
is positive. 
Equal 
numbers 
of 
positive 
and 


negative 
half cycles 
are delivered 
to the load by synchroniz- 
ing two zero-erossing trigger pulses to each positive mains 
half-cycle 
with 
the 
comparator 
output 
being 
sampled 
at 
the 
beginning 
of the 
positive 
half-cycle_ 
The trigger 
pulses 
are timed 
about 
the zero-erossing 
point 
as per figure 
2_ 


modulating 
the 
comparator 
voltage 
(see 
figure 
4). 
Capacitor 
C (see figure 
1) on pin 2 determines 
the modul- 


ation 
frequency 
in 
conformance 
with 
standards such 
as 
EN 
50.006 
(CENELEC). 
A- constant 
source 
current 
from 
pin 
2 
charges 
capacitor 
C 
at 
7.51'A 
typically, 


between 
threshold 
voltages 
VTH1 
and 
VTH2; 
C is dis- 


charged 
at an average 
current 
of 6.4 mA typically. 
Pin 1 
follows 
pin 
2 such 
that 
for the 
UAA 
1016A, 
the 
source 
current 
is modulated 
and for the UAA 1016B, 
the voltage 


is modulated. 


The 
saw-tooth 
generator 
output 
from 
pin 
1 enables 
proportional 
temperature 
control 
to 
be 
achieved 
by 


The 
charging 
current 
at pin 
2 occurs 
only 
with 
negative 


half-cycles 
of 
the 
mains 
and 
the 
discharge 
synchronises 
also with 
a negative 
half-cycle. 


Output 
pulses 
are 
inhibited 
by 
the 
"fail-safe" 
circuit 
if 
the 
comparator 
input 
exceeds 
the 
specified 
threshold, 
which 
could 
occur 
due 
to 
a fault 
in the 
temperature 
sensorcircuit. 


40' 


". 


JO. 
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~ 


0- 
X 
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FIGURE 
6 - 
APPLICATION 
CIRCUIT 
- 
ELECTRIC 
RADIATOR 
WITH 
PROPORTIONAL 
BAND 
THERMOSTAT. 
PROPORTIONAL 
BAND 1 ·C AT 25 DC 


Ilr 
:NTC R" 
'C=22k' 
10%, 


6=3700'5% 
. 


SECTION 6 
MICROCOMPUTERS 


Device 
Designation 
Package 
Page 


MC3870 
Single-Chip 
Microcontroller 
711/715 
6-3 
MC6805P2 
HMOS 8-Bit MCU 
710/719/733 
6 - 23 
MC6805R2 
HMOS 8-Bit MCU with 
AID 
711/715/734 
6 - 47 
MC6805T2 
HMOS 8-Bit MCU with 
PLL 
710 
6-73 
MC6805U2 
HMOS 8-Bit MCU 
711/715/734 
6 - 12 
MC141000 
CMOS LSI One Chip Microcomputer 
710/719 
6 - 128 


MC3870 


MOS 


(N-CHANNEL, 
SILICON-GATE 
DEPLETION 
LOAD) 
The MC3870 is a complete 8-bit microcomputer on a single MOS 
integrated 
circuit. 
Utilizing 
ion-implanted, 
N-channe.1silicon-gate 
technology 
and advanced circuit 
design techniques, the single-chip 
3870 offers maximum cost effectiveness in a wide range of control 
and logic replacement applications. 


• 
Software Compatible with F8 Family 


• 
2048 8yte Mask Programmable ROM 


• 
64 Byte Scratchpad RAM 


• 
32 Bits (4 Ports) TTL Compatible I/O 


• 
Programmable Binary Timer 


Interval Timer Mode 
PulseWidth Measurement Mode 
Event Counter Mode 


• 
E.xternal Interrupt 


• 
Crystal, LC, RC, External, or Internal Time Base 


• 
Low Power (275 mW Typ.) 


• 
Single +5 Volt ± 10% Power Supply 


SINGLE·CHIP 
MICROCONTROLLER 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
711 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
715 


(Available. 
not shown) 


XTL'~ 
Clock 
XTL 
2 
----- 


ROM 


Address 


Registers 


PO, P, DC, DCl 


Indirect 


Scratchpad 


Address 


Register 


MC3870 


ELECTRICAL 
SPECIFICATIONS 


ABSOLUTE 
MAXIMUM 
RATINGS' 
PIN CONNECTIONS 
Temperature 
under 
Bias 
............ 
................ 
. .... 
OOCto 70°C 
Storage Temperature 
......................... 
. -65°C 
to + lSOoC 
XTL 
1 C t 
40 ] 
VCC 
Voltage on Any Pin with Respect to Ground 
................. 
-1.0 V to + 7 V 


XTL2 
C 
J RESET 
POONer 
Dissipation .................. 
1.0W 
2 
39 


DC CHARACTERISTICS 
IT A ~ OOc to 70°C. VCC - 5 V ± '0%) 
PO-O 
[ 
3 
38 ] 
Ext 
Int 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 
PO-1 
[ 
4 
37 Jp:f:Q 


ICC 
Power Supply Current 
TBO 
mA 
Outputs 
Open 
PO-2 
c:: 5 
36 JP1=1 


Po 
Power Dissipation 
TBO 
mW 
Outputs 
Open 
PO-3 
[ 
6 
35 JPT:2 


VI HEX 
External Clock 
2,4 
5.B 
V 
Strobe 
[ 
7 
34 JP1=3 


Input High Level 
P4-0 
[ 
8 
33 J 
P5-0 


VILEX 
External Clock 
-0.3 
0.6 
V 
P4-1 
[ 
9 
32 JPS:1 


Input 
Low 
Level 
P4-2 
[ 
10 
31 J P5-2 


IIHEX 
External Clock 
100 
~A 
VIHEX 
~ 2,4 V 
P4-3 
[ 


MC3870 
30 J 
P5-3 
11 
Input High Current 
P4-4 
[ 
12 
29 J 
P5-4 
IILEX 
External Clock 
-100 
~A 
VILEX 
= 0.6 V 
P4-5 
[ 
J P5-5 
Input Low Current 
13 
28 


VIH 
Input High Level 
2.0 
5.8 
V 
P4-6 C 14 
27 J 
P5-6 


VIL 
Input low 
Level 
-0.3 
0.8 
V 
P4-7 
C '5 
26 ~ 
P5-7 


IIH 
Input High Current 
1~0 
~A 
VIH - 2,4 V 
PO-7 c: '6 
25 ~PT=7 


(except open drain and 
Internal Pull-up 
PO-6 c:: 17 
24 ::J"P"1=6 


direct drive 1/0 ports) 
PO-5 C '8 
23 :JP1=5 


IlL 
Input Low Current 
-1.6 
mA 
VIL=O,4V 
PO-4 c: 19 
22 :J P1-4 


(except open drain and 
Gnd 
[ 
20 
21:J 
Test 
direct drive ports) 


ILOO 
Leakage Current 
10 
~A 
Pulldown 


(open drain ports) 
Device Off 


10H 
Output 
High Current 
-100 
~A 
VOH" 
2.4 V 
Pin 
N~me 
Description 
Tvpe 


(except open drain and 
PO 
0-1"0-7 
1/0 
Port 
0 
B'dlreCI,onal 


direct drive ports) 
1"1 ~0-Pl-7 
110 Port 
1 
B,dlrect,onal 


10HOO 
Output 
Drive Current 
-1.5 
-8 
mA 
VOH=0.7V 
1"4 
0-1"4_7 
110 POrt 
4 
B.d,rect.onal 


(direct drive ports) 
to 1.5 V 
•• 
0 
1"5-7 
1/0 
POrt 
5 
B.dlrect.onal 


10L 
Output 
Low Current 
1.8 
mA 
VOL"0.4V 


Strobe 
Readv 
SHobe 
Output 


Ex,lnt 
Ex,e,nill 
Inte,rupt 
Input 


10HS 
Output 
High Current 
-300 
~A 
VOH" 
2.4 V 
Reset 
Extern,,1 
Reset 
Input 


(STR08E 
OutPUt! 
T", 
Input 


10LS 
Output 
Low Current 
5.0 
mA 
VOL=O,4V 
XTL 
1. XTL 
2 
T.meB.ue 
Input 


(STR08E 
Outputl 
VCC. Gnd 
POIIVer Supplv 
L,nes 
Input 


·Stresses above those listed under "Absolute 
Maximum 
Ratings" 
may cause permanent damage to the device. This is a stress rating only and 
functional 
operation 
of the device at these or any other condition 
above those indicated in the operational 
sections of this specification 
is not 


implied. 
Exposure to absolute maximum 
rating conditions 
for extended periods may affect device reliability. 


AC CHARACTERISTICS 
(T A::= ooc to 70°C. Vcc 
= +5 V ± 10%) 


Signal 
Symbol 
Parameter 
Min 
Max 
Unit 
Comments 


to(XTLl 
Time Base Period, Crystal Mode 
250 
'000 
ns 
4MHz-1 
MHz 


'OILCI 
Time Base Period, LC Mode 
250 
1000 
ns 
4MHz-1 
MHz 


XTLl 
tOIRCI 
Time Base Period, RC Mode 
250 
2000 
n. 
4 MHz-500 
KHz 


XTL 2 
tOIiNTI 
Time Base Period, Internal Mode 
250 
590 
ns 
4 MHz-l.7 
MHz 


tOIEX) 
Time Base Period, External Mode 
250 
2500 
ns 
4 MHz-400 
kHz 


'EXIHI 
External Clock Pulse Width, High 
90 
2000 
ns 


tEXILl 
External Clock Pulse Width, 
Low 
90 
2000 
ns 


¢ 
'¢ 
Internal 
tP Clock Period 
2tO 
Typ. 
ns 
0.5}Js @ 4 MHz External 
Time Base 


ST'I1OlllO 
'I/O-S 
Port Output 
to STROBE Delay 
3t" -1000 
Min. 
ns 
Note 1 
3t" +250 Max. 


tSL 
STROBE Pulse Width, 
Low 
8t" -250 
Min. 
ns 


12t¢ +250 Max. 


RESET 
'RH 
RESET Hold Time, Low 
6t¢ + 750 Min. 


EXTINT 
tEH 
EXT INT Hold Time, Active State 
6trt> + 750 Min. 
ns 
Note 2 


NOTES: 1. Load is 50 pF plus 1 standard TTL input. 


2. Specification 
is applicable when the timer is in the Interval Timer Mode. See "Timer 
Characteristics" 
for EXT INT requirements 
when in the Pulse Width Measurement Mode or the Event Counter Mode. 


Symbol 
. 
Parameter 
Min 
Max 
Unit 
Test Condition 


CIN 
Input 
Capacitance: 
I/O Ports, 
RESET, 
EXT 
INT 
- 
7.0 
pF 
Unmeasured 
pins returned 


toGND 


CXTL 
Input Capacitance: XTL 1, XTL 2 
18 
23 
pF 


j 
r_'"0_St 
'SL--.f 


EXTINT{ 
ICPB't2-Q 


ICP Bit 2 '"' 1 
J=""=t__ 


FUNCTIONAL 
PIN DESCRIPTION 


PO-O-PO-7, 
P1-O-Pl-7, 
P4-0-P4-7, 
and 
P5-0- 
PS-7 
are 
32 
lines 
which 
can 
be 
individually 
used 
as 
either 
TTL 
compatible 
inputs 
or 
as 
latched 
outputs. 


STROBE 
is a ready 
strobe 
associated 
with 
I/O Port 
4. 


This 
pin 
which 
is normally 
high 
provides 
a single 
low 


pulse 
after 
valid 
data 
is present 
on the 
P4-0-P4-7 
pins 
during 
an output 
instruction. 


RESET 
may 
be 
used 
to 
externally 
reset 
the 
3870. 


When 
pulled 
low the 
3870 
will reset. 
When 
then 
allowed 


to 
go 
high 
the 
3870 
will 
begin 
program 
execution 
at 


program 
location 
H '000'. 


EXT 
INT 
is the 
external 
interrupt 
input. 
Its active 
state 
is software 
programmable. 
This 
input 
is also 
used 
in conjunction 
with the timer 
for pulse width 
measurement 
and event counting. 


XTL 
1 and 
XTL 
2 are the 
time 
base 
inputs 
to which 
a crystal 
(1 
to 
4 
MHz). 
LC network, 
RC 
network, 
or 
an external 
single-phase 
clock 
may be connected. 
If timing 


is not 
critical, 
the 
3870 
will 
operate 
from 
its 
internal 
oscillator 
with 
no external 
components. 


TEST 
is an 
input, 
used 
only 
in testing 
the 
3870. 
For 


normal 
circuit 
functionality 
this 
pin 
is left unconnected 
or may be grounded. 


VCC is the power 
supply 
input 
(+5 V ± 10%). 


This 
section 
describes 
the 
basic 
functional 
elements 


of the 
3870 
as shown 
in the 
block 
diagram 
of 
Figure 
1. 


Main Control 
Logic 


The 
instruction 
Register 
(I R) 
receives 
the 
operation 
code 
(OP code) 
of the instruction 
to be executed 
from the 


program 
ROM 
via 
the 
data 
bus. 
During 
all 
OP 
code 
fetches 
eight 
bits 
are 
latched 
into 
the 
IR. Some 
instruc- 


tions 
are 
completely 
specified 
by 
the 
upper 
4 
bits 
of 
the 
OP code. 
In those 
instructions 
the 
lower 
4 bits 
are 


an 
immediate 
register 
address 
or 
an 
immediate 
4-bit 


operand. 
Once 
latched 
into 
the 
IR the 
main control 
logic 


decodes 
the 
instruction 
and 
provides 
the 
necessary 
control 
gating 
signals 
to all circuit 
elements. 


ROM Address 
Registers 


There 
are 
four 
II-bit 
registers 
associated 
with 
the 


2K x 8 ROM. 
These 
are 
the 
Program 
Counter 
(PO). the 


Stack 
Register 
(P). 
the 
Data 
Counter 
(DC) 
and 
the 


Auxiliary 
Data 
Counter 
(DC1). 
The 
Program 
Counter 
is 


used 
to 
address 
instructions 
or 
immediate 
operands. 
P is 
used 
to 
save 
the 
contents 
of 
PO during 
an 
interrupt 
or 
subroutine 
call. 
Thus 
P contains 
the 
return 
address 
at 
which processing is to resume upon completion of the 


subroutine 
or the 
interrupt 
routine. 


The 
Data Counter 
(DC) is used 
to address 
data 
tables. 


This 
register 
is 
auto-incrementing. 
Of 
the 
two 
data 


counters 
only 
DC can access the 
ROM. However, 
the XDC 
im,truction 
allows 
DC and DC1 to be exchanged. 


Associated 
with 
the 
address 
registers 
is 
an 
11-bit 
Adder/lncrementer. 
This 
logic 
element 
is 
used 
to 
in<:rement 
PO or 
DC when 
required 
and 
is also 
used 
to 


add 
displacements 
to 
PO on 
relative 
branches 
or to add 
thl! 
data 
bus 
contents 
to 
DC 
in 
the 
ADC 
(add 
data 
counter) 
instruction. 


The 
microcomputer 
program 
and 
data 
constants 
are 
stored 
in 
the 
program 
ROM. 
When 
a 
ROM 
access 
is 


required, 
the 
appropriate 
address 
register 
(PO 
or 
DC) 


is gated 
onto 
the 
ROM address 
bus and the 
ROM output 
is gated 
onto 
the 
main 
data bus. 
The 
first 
byte 
in the 


ROM is location 
zero. 


Sc,atchpad 
and ISAR 


The 
scratch pad 
provides 
64 8-bit 
registers 
which 
may 
be 
used 
as general-purpose 
RAM 
memory. 
The 
Indirect 
Scratchpad 
Address 
Register 
(ISAR) 
is a 6-bit 
register 


used 
to 
address 
the 
64 
registers. 
All 
64 
registers 
may 
be 
accessed 
using 
ISAR. 
In 
addition 
the 
lower 
order 


12 registers 
may also be directly 
addressed. 


ISAR 
can 
be 
visualized 
as 
holding 
two 
octal 
digits. 
This 
division 
of 
ISAR 
is important, 
since 
a number 
of 


instructions 
increment 
or 
decrement 
only 
the 
least 
signi- 


ficant 
3 bits 
of ISAR 
when 
referencing 
scratchpad 
bytes 


via 
ISAR. 
This 
makes 
it easy 
to 
reference 
a buffer 
con- 
sisting of contiguous 
scratch pad bytes. 
For example, 
when 


the 
low·order 
octal 
digit 
is incremented 
or decremented 


ISAR 
is incremented 
from 
octal 
27 (0 '27') 
to 0 '20' 
or is 


decremented 
from 
0 
'20' 
to 
0 '27'. 
This 
feature 
of the 


ISAR 
is very 
useful 
in many 
program 
sequences. 
All six 


bits 
of 
ISAR 
may 
be loaded 
at one 
time 
or either 
half 


may be loaded 
independently. 


Scratchpad 
registers 
9 through 
15 (decimal) 
are given 
mnemonic 
names 
(J, H, 
K, and 
Q) 
because 
of 
special 
linkages 
between 
these 
registers 
and 
other 
registers 
such 
as 
the 
Stack 
Register. 
These 
special 
linkages 
facilitate 


the 
implementatation 
of 
multilevel 
interrupts 
and 
subroutine 
nesting. 
For example, 
the 
instruction 
LR K,P' 


stores 
the 
lower 
eight 
bits 
of 
the 
Stack 
Register 
into 
register 
13 
(K 
lower 
or 
KL) 
and 
stores 
the 
upper 


thme 
bits of P into 
register 
12 (K upper 
or KU). 


After 
receiving 
commands 
from 
the 
main 
control 
logic. 


the 
A LU performs 
the 
required 
arithmetic 
or logic opera- 


tions 
(using 
the 
data 
presented 
on the 
two 
input 
busses) 
and 
provides 
the 
result 
on the 
result 
bus. 
The 
arithmetic 
operations 
that 
can be performed 
in the 
ALU 
are binary 
add, 
decimal 
adjust, 
add 
with 
carry, 
decrement, 
and 


increment. 
The 
logic 
operations 
that 
can 
be 
performed 
are 
AND, 
OR, 
EXCLUSIVE 
OR, 
l's 
complement, 
shift 


right, 
and 
shift 
left. 
Besides 
providing 
the 
result 
on the 
result 
bus, 
the ALU also provides 
four signals representing 
the 
status 
of the 
result. 
These signals, 
stored 
in the Status 
Register 
(W), 
represent 
CARRY, 
OVERFLOW, 
SIGN, 


and ZE RO condition 
of the result 
of the operation. 


Accumulator 


The 
Accumulator 
(ACC) 
is the 
principal 
register 
for 


data 
manipulation 
with 
the 
3870. 
The 
ACC serves 
as one 
input 
to 
the 
ALU 
for 
arithmetic 
or 
logical 
operations. 


The result 
of ALU operations 
are stored 
in the ACC. 


The Status 
Register 


The 
Status 
Register 
(also 
called 
the 
W register) 
holds 
five status 
flags as follows. 


Overflow'" 
CarrY7 
6) 
CarrY6 


Zero 
= ALU7 
AALU6I\ALUS!\ALU4/\ 


ALU3 
I\ALU2!\ 
ALUl 
/\ ALVa 


Carry::: Carry] 


Sign '" ALU7 


Interrupt 
Control 
Bit 


The 
ICB may 
be used 
to 
allow 
or disallow 
interrupts 


in the 
3870. 
This 
bit is not 
the same as the two interrupt 
enable 
bits 
in the 
Interrupt 
Control 
Port 
(ICP)' 
If the 
ICB 


is set 
and 
the 
3870 
interrupt 
logic 
communicates 
an 


interrupt 
request 
to the CPU section, 
th, 
interrupt 
will be 
acknowledged 
and 
processed 
upon 
completion 
of the first 
nonprivileged 
instruction. 
If the 
ICB is cleared, 
an inter- 


rupt 
request 
will 
not 
be 
acknowledged 
or 
processed 
until 
the 
ICB is set. 


The 
3870 
provides 
four 
complete 
bidirectional 
Input/Output 
ports. 


These 
are ports 
0, 1,4, 
and 5. In addition, 
the Interrupt 
Control 
Port 
is addressed 
as port 
6 and the 
binary 
timer 
is addressed 
as 
port 
7. An 
output 
instruction 
(OUT 
or 
OUTS) 
causes 
the 
contents 
of 
the 
ACC 
to 
be 
latched 


into 
the 
addressed 
port. 
An input 
instruction 
(IN or INS) 
transfers 
the 
contents 
of the 
port 
to the 
ACC (port 
6 is 


an exception 
which 
is described 
later). 
The 
I/O 
pins on 
the 
3870 
are 
logically 
inverted. 
The 
schematic 
of 
an 
I/O 
pin 
and 
available 
output 
drive 
options 
are 
shown 


in Figure 
2. 


Ports 0 and 1 are Standard 
Output 
type only. 


Ports 4 and 5 may both be any of the three output 
options. 


The 
STROBE 
output 
is 
always 
configured 
similarly 
to 


a 
Standard 
Output. 
except 
that 
it 
is 
capable 
of 
driving 


3 TTL 
loads. 


Externel 


Time 


B ••• 


Interrupt 


Control 
PO" 
(Port 
61 


Timer 


8·Blt 
Down 
Counter 
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Event 
Counter 
Mode..- 
0 
+2 Prese.l. 
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.....- 
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1 
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1 
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....- 
1 
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.....- 
1 


o 
0 
o· 
1 
1 
0 
1 
1 
o 
0 
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1 
1 
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1 


3 
2 
1 
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I ~I~'""'." 
'... 
"0.'•••.• 
L-..Timer 
Interrupt 
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EXT 
INT 
Active 
Level 


Start/Stop 
Timer 


An 
output 
ready strobe is associated with 
port 4. 
This flag may be used to signal a peripheral device that 
the 
3870 
has just completed 
an output 
of new data 
to port 4. The strobe provides a single low pulse shortly 
after 
the output 
operation 
is completely 
finished. 
so 
either edge may be usedto signal the peripheral. STROBE 
may also be used as an input strobe simply by doing a 
dummy output 
of H '00' to port 4 after completing the 
input operation. 


Timer and Interrupt Control Port 


The Timer is an 8·bit binary down counter which is 
software programmable to operate in one of three modes: 
the 
Interval Timer Mode, the Pulse Width Measurement 
Mode, or the Event Counter Mode. As shown in Figure 3, 
associated with the Timer are an B·bit register called the 
Interrupt 
Control 
Port, a programmable prescaler, and 
an B·bit modulo·N register. 


The desired timer 
mode, prescale value, starting and 
stopping 
the timer, 
active 
level of the EXT INT pin, 


and local enabling or disabling of interrupts are selected 
by 
outputting 
the 
proper 
bit 
configuration 
from 
the 
Accumulator to the Interrupt Control 
Port (port 6) with 
an OUT or OUTS instruction. 
Bits within the Interrupt 
Control Port are defined asfollows. 


Interrupt Control Port (Port 6) 


Bit 0 - External Interrupt Enable 
Bit 1 - Timer Interrupt Enable 
Bit 2 - EXT INT Active Level 


Bit 3 - Start/Stop Timer 
Bit 4 - PulseWidth/Interval Timer 
Bit 5 - 72 Prescale 
Bit 6 -75 
Prescale 
Bit 7 -720 
Prescale 


A special situation exists when reading the Interrupt 
Control 
Port 
(with 
an 
IN 
or 
INS instruction). 
The 
Accumulator 
is not loaded with the content of the ICP. 


Instead, Accumulator bits a through 6 are loaded with as, 
while bit 
7 is loaded with the logic level being applied 
to the EXT INT pin, thus allowing the status of EXT INT 
to 
be determined 
without 
the necessity of servicing an 
external 
interrupt 
request. This capability 
is useful in 
establishing a high·speed polled handshake procedure or 
for 
using EXT INT as an extra input 
pin, if 
external 
interrupts 
are not required and the Timer is used only 


in the 
Interval Timer 
Mode. However, if it is desirable 


to read the content of the ICP, then one of the 64 scratch· 
pad registers may be used to save a copy of whatever 
is written to the ICP. 
The rate at which the timer is clocked in the Interval 
Timer Mode is determined by the frequency of an internal 
¢ clock and by the division value selected for the pre· 
scaler. 
(The internal ¢ clock operates at one·half the 


external time base frequency.) If ICP bit 5 is set and bits 
6 and 7 are cleared, the prescalerdivides ¢ by 2. Likewise, 
if bit 6 or 7 is individually set, the prescalerdivides ¢ by 5 
or 20, respectively. Combinations of bits 5, 6, and 7 may 
also be selected. For example, if bits 5 and 7 are set while 


Error:: 
Indicated Time Value -Actual 
Time Value 
tpsc 
z:: t¢ x PrescaleValue 


Interval Timer Mode: 


Single interval error, free running (Note 3) 
Cumulative interval error, free running (Note 3) 
Error between two Timer reads{Note 21. 
Start Timer to stop Timer error (Notes 1,4) 
Start Timer to read Timer error (Notes 1, 2) 
Start Timer to interrupt request error (Notes 1, 31 . 
Load Timer to stop Timer error (Note 1) 
Load Timer to read Timer error (Notes 1, 2) 
Load Timer to interrupt request error INotes 1,31 . 


PulseWidth MeasurementMode: 


Measurementaccuracy (Note 4l. 
Minimum pulse width of EXT INT pin. 


Event Counter Mode: 


Minimum active time of EXT INT pin. 
Minimum inactive time of EXT INT pin. 


6 is cleared, 
the prescaler 
will divide 
by 40. Thus, 
possible 
prescaler 
values 
are: 
72, 
"';'5, 
710, 
720, 
740, 
7100, 


and 7200. 


Any 
of three 
conditions 
will cause 
the 
prescaler 
to be 
reset: 
Whenever 
the 
timer 
is stopped 
by 
clearing 
ICP 


bit 
3, execution 
of an output 
instruction 
to port 
7 (the 
timer 
is assigned 
port 
address 
7), or on the 
trailing 
edge 
transition 
of the 
EXT 
INT pin 
when 
in the 
Pulse Width 
Measurement 
Mode. 
These 
last 
two 
conditions 
are 
explained 
in more 
detail 
below. 


An 
OUT 
or OUTS 
instruction 
to port 
7 will load the 
content 
of the 
Accumulator 
to 
both 
the 
Timer 
and 
the 
8-bit 
modulo-N 
register, 
reset 
the 
prescaler, 
and clear any 
previously 
stored 
time 
interrupt 
request. 
As 
previously 
noted, 
the 
Timer 
is 
an 
8-bit 
down 
counter 
which 
is 
clocked 
by 
the 
prescaler 
in 
the 
Interval 
Timer 
Mode 
and 
in the 
Pulse Width 
Measurement 
Mode. 
The prescaler 
is not 
used 
in the 
Event 
Counter 
Mode. 
The 
modulo-N 
register 
is a buffer 
whose 
function 
is to 
save the 
value 
which 
was 
most 
recently 
outputted 
to 
port 
7. 
The 
modulo-N 
register 
is used in all three 
timer 
modes. 


Interval 
Timer 
Mode 


When 
ICP 
bit 
4 is cleared 
(logic 
0) 
and 
at least 
one 
prescale 
bit 
is 
set, 
the 
Timer 
operates 
in the 
Interval 


Timer 
Mode. 
When 
bit 3 of the 
ICP is set, the Timer 
will 


start 
counting 
down 
from 
the 
modulo-N 
value. 
After 
counting 
down 
to 
H 
'01', 
the 
Timer 
returns 
to 
the 


modulo-N 
value 
at 
the 
next 
count. 
On 
the 
transition 
from 
H 
'01' 
to 
H 
'N' 
the 
Timer 
sets 
a timer 
interrupt 
request 
latch_ 
Note 
that 
the 
interrupt 
request 
latch 
is 
set 
by the 
transition 
to 
H 'N' 
and 
not 
by the 
presence 
of 
H 'N' 
in the 
Timer, 
thus 
allowing 
a full 
256 
counts, 


if the 
modulo-N 
register 
is preset 
to 
H '00'. 
If bit 
1 of 


the 
ICP is set, 
the 
interrupt 
request 
is passed 
on to the 
CPU section 
of the 3870. 
However, 
if bit 
1 of the 
ICP is 


a logic 
0, the 
interrupt 
request 
is' ~ot 
passed 
on 
to 
the 
CPU 
section, 
but 
the 
interrupt 
request 
latch 
remains 
set. 
If ICP bit 
1 is subsequently 
set, the interrupt 
request 
will then 
be passed 
on to the 
CPU section. 
(Recall 
from 
the 
discussion 
of the 
Status 
Register's 
Interrupt 
Control 
8it that 
the interrupt 
request 
will be acknowledged 
by the 


CPU section 
only 
if IC8 is set.) 
Only two events 
can reset 
the 
timer 
interrupt 
request 
latch: 
When 
the 
timer 
inter- 
rupt 
request 
is acknowledged 
by the CPU section, 
or when 
a new load of the modulo-N 
register 
is performed. 


Consider 
an 
example 
in which 
the 
modulo-N 
register 


is loaded 
with 
H '64' 
(decimal 
100). 
The 
timer 
interrupt 


request 
latch 
will be set at the 
100th 
count 
following 
the 


timer 
start 
and 
the 
timer 
interrupt 
request 
latch 
will 


... 
±6t¢ 


.0 


. ± (tpsc +t¢) 


. +t¢ to -(tpsc +t¢) 


-5t<t> to -(Ipse 
+ 7t<t» 


. . -2t<t> to -8t<t> 


. +t¢ to -(tpsc +2t¢) 


-5t<t> to -Itpse 
+8t<t>1 


. -2t<t> to -9t<t> 


1. All times which entail loading, starting, or stopping the Timer are referenced 
from the end of the last machine cycle of the OUT or OUTS instruction. 


2. All times which entail reading the Timer are referenced from the end of the 


last machine cycle of the IN or INS instruction. 


3. All times which entail the generation of an interrupt request are referenced 
from 
the start of the machine cycle in which the appropriate 
interrupt 


request latch is set. Additional 
time may elapse, if the interrupt 
request 


occurs during a privileged or multicycle instruction. 


4. Error may be cumulative, if operation is repetitively performed. 


repeetedly 
be 
set 
on 
precise 
100·count 
intervals. 
If the 
prescaler 
is set 
at +40, 
the 
timer 
interrupt 
request 
latch 
will 
be 
set 
every 
4000 
q, clock 
periods. 
For 
a 2 MHz 
q, clock 
(4 MHz 
time 
base 
frequency) 
this 
will 
produce 
2 ms intervals. 


The 
range 
of 
possible 
intervals 
is from 
2 to 
51,200 
q, clock 
periods 
(1 IJS to 
25.6 
ms for a 2 MHz q, clock). 
However, 
approximately 
50 
q, 
periods 
is 
a 
practical 


minimum 
because 
the time 
between 
setting 
the 
interrupt 
request 
latch 
and 
the 
execution 
of the 
first 
instruction 
of the 
interrupt 
service 
routine 
is at least 
29 q, periods. 


(The 
response 
time 
is 
dependent 
upon 
how 
many 
privileged 
instructions 
are 
encountered 
when 
the 
request 


occurs.) 
To 
establish 
time 
intervals 
greater 
than 
51,200 
q, clock 
periods 
is a simple 
matter 
of 
using 
the 
timer 
interrupt service routine to count the 
number of inter- 
rupts, 
saving 
the 
result 
in one or more 
of the 
scratchpad 
registers 
until 
the 
desired 
interval 
is achieved. 
With 
this 
technique 
virtually 
any 
time 
interval, 
or 
several 
time 
intervals 
may be generated. 


The 
Timer 
may 
be read at any time 
and 
in any mode 
using 
an input 
instruction 
(IN 7 or 
INS 7) and 
may 
take 
place 
"on 
the 
fly" 
without 
interfering 
with 
normal 
timer 
operation. 
Also, 
the 
Timer 
may 
be stopped 
at any time 
by 
clearing 
bit 
3 of 
the 
ICP. 
The 
Timer 
will 
hold 
its 
current 
contents 
indefinitely 
and 
will 
resume 
counting 
when 
bit 3 is again set. Recall, 
however, 
that 
the prescaler 
is reset 
whenever 
the 
Timer 
is stopped; 
thus, 
a series 
of 
starting 
and 
stoppings 
will 
result 
in 
a 
cumulative 
truncation error. 


A summary of other timer errors is given in the timing 
section of 
this specification. For a free-running timer 
in 
the 
Interval 
Timer 
Mode 
the 
time 
interval 
between 
any two 
interrupt 
requests 
may 
be in error 
by ±6 q, clock 
periods, 
although 
the cumulative 
error 
over many 
intervals 
is zero. 
The 
prescaler 
and 
Timer 
generate 
precise 
intervals 
for setting 
the 
timer 
interrupt 
request 
latch, 
but the time 
out 
may 
occur 
at any time 
within 
a machine 
cycle. 
(There 
are 
two 
types 
of 
machine 
cycles: 
short 
cycles 
which 
consist 
of 4 q, clock 
periods 
and long cycles 
which 
consist 


of 6 '" clock 
periods. 
In the 
multichip 
F8 family, 
there 
is 
a signal 
called 
the 
WR ITE 
clock 
which 
corresponds 
to 
a 
machine 
cycle.) 
Interrupt 
requests 
are 
synchronized 
with 
the 
internal 
WRITE 
clock, 
thus 
giving 
rise to the 


possible 
±6 
'" error. 
Additional 
errors 
may 
arise 
due 
to 
the 
interrupt 
request 
occurring 
while 
a 
privileged 
instruction or multicycle 
instruction is being executed. 
Nevertheless, 
for most 
appl ications, 
all of the above 
errors 
are 
negligible, 
especially 
if 
the 
de,ired 
time 
interval 
is greater 
than 
1 ms. 


Pulse Width 
Measurement 
Mode 


When 
ICP bit 4 is set (logic 1) and at least one prescale 
bit is set, 
the 
Timer 
operates 
in the 
Pulse Width 
Measure· 


ment 
Mode. 
This 
mode 
is used 
for accurately 
measuring 


th,e duration 
of a pulse 
applied 
to the 
EXT 
INT pin. The 
Timer 
is stopped 
and 
the, 
prescaler 
is 
reset 
whenever 
EJ<T INT 
is at its inactive 
level. 
The 
active 
level of EXT 
INT is defined 
by ICP bit 2: if cleared, 
EXT INT is active 
low; 
if set, 
EXT 
INT 
is active 
high. 
If ICP bit 
3 is set, 


the 
prescaler 
and 
Timer 
will 
start 
counting 
when 
EXT 
INT transitions 
to the active 
level. When 
EXT INT returns 


to 
the 
inactive 
level, 
the 
Timer 
then 
stops, 
the 
prescaler 
r.,;ets, 
and-if 
ICP bit 
0 is set-an 
external 
interrupt 


request 
latch 
is set. 
(Unlike 
timer 
interrupts, 
external 
interrupts 
are 
not 
latched, 
if the 
ICP Interrupt 
Enable 
bi1tis not set.) 


As in the 
Interval 
Timer 
Mode, 
the Timer 
may be read 
at 
any 
time; 
may 
be 
stopped 
at 
any 
time 
by 
clearing 
ICP bit 
3, the 
prescaler, 
and 
ICP bit 
1 function 
as pre- 
viously 
described; 
and, the Timer 
still functions 
as an 8·bit 
binary 
down 
counter 
with 
the 
timer 
interrupt 
request 
latch 
being 
set 
on the 
Timer's 
transition 
from 
H '01' 
to 


H 'N'. 
Note 
that 
the 
EXT INT pin has nothing 
to do with 
10ilding 
the 
Timer; 
its 
action 
is that 
of 
automatically 
st<lrting and stopping 
the Timer 
and of generating 
external 
interrupts. 
Pulse 
widths 
longer 
than 
the 
prescale 
value 


times 
the 
modulo·N 
value 
are 
easily 
measured 
by 
using 
the 
timer 
interrupt 
service 
routine 
to store 
the 
number 


of timer 
interrupts 
in one or more scratch pad registers. 
As for 
accuracy, 
the actual 
pulse 
duration 
is typically 
slightly 
longer 
than 
the 
measured 
value because 
the status 
of 
the 
prescaler 
is not 
readable 
and 
is reset 
when 
the 
Timer 
is 
stopped. 
Thus, 
for 
maximum 
accuracy, 
it 
is 
advisable 
to use a small 
division 
setting 
for the 
prescaler. 


E.ent 
Counter 
Mode 


When 
ICP 
bit 
4 
is cleared 
and 
all prescale 
bits 
(ICP 
bits 
5, 6, and 
7) are 
cleared, 
the 
Timer 
operates 
in the 
Event 
Counter 
Mode. 
This 
mode 
is used 
for 
counting 
pulses 
applied 
to the 
EXT 
INT pin. If ICP bit 3 is set, the 


TilTler will decrement 
on each transition from the inactive 
level to the 
active 
level of the 
EXT INT pin. The prescaler 


is not 
used 
in this 
mode. 
But, 
as in the 
other 
two 
timer 
modes, 
the 
Timer 
may 
be 
read 
at 
any 
time; 
may 
be 
stopped 
at 
any 
time 
by 
clearing 
ICP 
bit 
3, 
ICP 
bit 
1 
functions 
as previously 
described; 
and, the tim~r 
interrupt 
request 
latch 
is set on the 
Timer's 
transition 
from 
H '01' 


to H 'N'. 


Normally, 
ICP 
bit 
0 
should 
be 
kept 
cleared 
in the 
Event 
Counter 
Mode; 
otherwise, 
external 
interrupts 


will be generated 
on the 
transition 
from 
the inactive 
level 
to the active 
level of the 
EXT INT pin. 


For 
the 
Event 
Counter 
Mode, 
the 
minimum 
pulse 


width 
required 
on 
EXT 
INT is 2 '" clock 
periods 
and the 
minimum 
inactive 
time 
is 2 '" clock 
periods; 
therefore, 


th" maximum 
repetition 
rate is 500 
KHz. 


External 
Interrupts 


When 
the 
timer 
is in the 
Interval 
Timer 
Mode. 
the 


EXT 
INT pin 
is avaifable 
for nontimer-related 
interrupts. 


If 
ICP 
bit 
0 
is set, 
an 
external 
interrupt 
request 
latch 
is set when 
there 
is a transition 
from 
the 
inactive 
level to 
the active 
level of EXT INT. (EXT 
INT is an edge-triggered 
input.) 
The 
interrupt 
request 
is 
latched 
either 
until 
acknowledged 
by 
the 
CPU section 
or until 
ICP bit 
0 is 
cleared 
(unlike 
timer 
interrupt 
requests 
which 
remain 
latched 
~ven when 
ICP bit 
1 is cleared). 
External 
inter- 


rupts 
are 
handled 
in the same 
fashion 
when 
the 
Timer 
is 
in the 
Pulse 
Width 
Measurement 
Mode 
or 
in the 
Event 
Counter 
Mode-ilxcept 
that 
only 
in 
the 
Pulse 
Width 


Measurement 
Mode 
the 
external 
interrupt 
request 
latch 
is set 
on 
the 
trailing 
edge 
of 
EXT 
INT, 
that 
is, on 
the 
transition 
from 
the 
active 
level 
to 
the 
inactive 
level. 


InterruPt 
Handling 


When 
either 
a timer 
or an external 
interrupt 
request 
is 
communicated 
to the 
CPU section 
of the 
3870, 
it will be 
acknowledged 
and processed 
at the completion 
of the first 
nonprivileged 
instruction, 
if the 
Interrupt 
Control 
8it of 


the 
Status 
Register 
is set. 
If the 
Interrupt 
Control 
Bit is 
not 
set, the interrupt 
request 
will continue 
until 
either 
the 
Interrupt 
Control 
Bit 
is 
set 
and 
the 
CPU 
section 
acknowledges 
the 
interrupt, 
or until 
the interrupt 
request 
is cleared 
as previously 
described. 
If 
there 
is 
both 
a 
timer 
interrupt 
request 
and 
an 
external 
interrupt 
request 
when 
the 
CPU section 
starts 
to 
process 
the 
requests, 
the timer 
interrupt 
is handled 
first. 


When 
an 
interrupt 
is allowed, 
the 
CPU 
section 
will 
request 
that 
the 
interrupting 
element 
pass 
its interrupt 
vector 
address 
to 
the 
Program 
Counter 
via the data 
bus. 
The 
vector 
address 
for 
a timer 
interrupt 
is H '020'. 
The 
vector 
address 
for 
external 
interrupts 
is H 'OAO'. 
After 
the 
vector 
address 
is passed 
to the 
Program 
Counter, 
the 
CPU 
section 
sends 
an acknowledge 
signal 
to 
the 
appro- 


priate 
interrupt 
request 
latch 
which 
clears 
that 
latch. 
The 
execution of 
the interrupt 
service routine will 
then 
commence. 
The 
return 
address 
of the 
original 
program 
is 
automatically 
saved 
in the Stack 
Register, 
P. 


Power-On 
Clear 


When 
power 
is applied 
to 
the 
3870, 
the 
Program 
Counter 
and 
the 
ICB 
bit 
of 
the 
W Status 
Register 
are 
cleared. 
Ports 
4, 5, 6, and 
7 are loaded 
with 
H '00' 
(thus 
the 
I/O 
pins 
for 
ports 
4 and 
5 are at +V unless 
external 
circuitry 
is forcing 
the 
pins 
to 
GND). 
The 
contents 
of 
other 
registers 
and 
ports 
are undefined. 
The first program 


instruction 
is ·then 
fetched 
from 
ROM 
location 
H '000'. 


External 
Reset 


When 
RESET 
is taken 
low, the content 
of the Program 
Counter 
is pushed 
to 
the 
Stack 
Register 
and 
then 
the 
Program 
Counter 
and the 
ICB bit of the W Status 
Register 
are 
cleared. 
The 
original 
Stack 
Register 
content 
is lost. 


As with 
power-on 
clear, 
ports 
4, 
5, 6, and 
7 are loaded 


with 
H '00'. 
The contents 
of all other 
registers 
and 
ports 
are 
unchanged. 
When 
RESET 
is 
taken 
high, 
the 
first 
program 
instruction 
is fetched 
from 
ROM location 
H '000'. 


Test Logic 


Special 
test 
logic 
is implemented 
to 
allow 
access 
to 
the internal 
main data 
bus for test 
purposes. 


In normal 
operation 
the 
TEST 
pin is unconnected 
or 
is connected 
to 
GND. 
When 
TEST 
is placed 
at a TTL 
level 
(2.0 
V to 2.6 V). port 
4 becomes 
an output 
of the 


internal 
data 
bus and port 
5 becomes 
a wired·OR 
input 
to 
the 
internal 
data 
bus. 
The 
data 
appearing 
on the 
port 
4 


pins is logically 
true, 
whereas 
input 
data 
forced 
on port 
5 
must 
be 
logically 
false. 
When 
TEST 
is placed 
at a high 
level 
(6.0 
V 
to 
7.0 
V). 
the 
ports 
act 
as 
above 
and, 
additionally, 
the 
2K x 8 program 
ROM is prevented 
from 


driving 
the 
data 
bus. 
In this 
mode, 
operands 
and 
instruc- 
tions 
may 
be forced 
externally 
through 
port 
5 instead 
of 
being 
accessed 
from 
the 
program 
ROM. 
When 
TEST 
is 
in either 
the 
TTL 
state 
or the 
high state, 
STROBE 
ceases 
its normal 
function 
and 
becomes 
a machine 
cycle 
clock 
(identical 
to 
the 
F8 
multichip 
system 
WR ITE 
clock, 
except 
inverted). 


Timing 
complexities 
render 
the capabilities 
associated 
with 
the 
TEST 
pin 
impractical 
for 
use 
in a user's 
appli· 
cation, 
but 
these 
capabilities 
are 
thoroughly 
sufficient 
to enable 
Motorola 
to rapidly 
test the MC3870. 


3870 
Clocks 


The 
time 
base 
for the 3870 
may originate 
from 
one of 
five sources. There are four 
external 
modes and one 
internal mode. 


If both 
XTL 
1 and 
XTL 
2 are 
grounded, 
the 
3870 
will activate 
its internal 
oscillator. 


The four external 
configurations 
are shown 
in Figure 
4. 


There 
is an 
internal 
20 
pF 
capacitor 
between 
XTL 
1 
and 
GND 
and 
an 
internal 
20 
pF 
capacitor 
between 
XTL 
2 
and 
GND. 
Thus, 
external 
capacitors 
are 
not 
required. 
In all external 
clock 
modes, 
the 
external 
time 
base 
frequency 
is 
divided 
by 
two 
to 
form 
the 
internal 
¢ clock. 


The 
MC3870 
executes 
the entire 
instruction 
set of the 
multichip 
F8 family. 
Of course, 
the STORE 
instruction 
is 
of little 
use in the 3870 
because 
only 
Read·Only 
Memory 
exists 
in the 
addressing 
range 
of the 
Data 
Counter 
(the 
Data 
Counter 
will, however, 
be incremented 
if a STORE 
is executed). 


A 
summary 
of 
programmable 
registers 
and 
ports 
is 
given 
in 
Figure 
5, 
followed 
by 
a summary 
of 
the 
F8 
instruction 
set. 


Also, 
for convenient 
reference, 
a Programming 
Model 
of the 3870 
is given in Figure 
6. 


The 
Interrupt 
Control 
Bit of the W Status 
Register 
is 
automatically 
reset 
when 
an interrupt 
request 
is acknow- 


ledged. 
It 
is 
then 
the 
programmer's 
responsibility 
to 
determme 
when 
ICB will 
again 
be set 
(by 
executing 
an 
EI instruction). 
This 
action 
prevents 
an interrupt 
service 
routine 
from 
being 
interrupted 
unless 
the 
programmer 
so desires. 


When 
reading 
the 
Interrupt 
Control 
Port 
(port 
6). 


bit 
7 of the 
Accumulator 
is loaded 
with 
the 
actual 
logic 
level 
being 
applied 
to 
the 
EXT 
INT 
pin, 
regardless 
of 


the 
status 
of 
ICP bit 
2 (the 
EXT 
INT Active 
level 
bit). 
That 
is, if EXT 
INT is at +5 V, bit 7 of the Accumulator 
is set 
to 
a logic 
1; but, 
if EXT 
INT 
is at GND, 
then 
Accumulator 
bit 7 is reset to logic O. 


In the 
MC3870 
(F8 
COMPATIBLE) 
INSTRUCTION 
SET 
summary, 
the 
number 
of 
cycles 
shown 
are 


"nomina'" 
machine 
cycles. 
A 
nominal 
machine 
cycle 


is defined 
as 4 '" clock 
periods, 
thus 
requiring 
2 
/lS 
for 
a 2 MHz", 
clock 
frequency 
(4 MHz external 
time 
base 
frequency) 
. 


Also, 
the 
summary 
uses 
an 
older 
nomenclature 
for 
register 
names. 
The translation 
is as follows; 


PCO = PO 
PC1 = P 
DCO = DC 
DC1 = DC1 


Program counter 
Stack 
Register 


Data Counter 
Auxiliary 
Data Counter 


The 
nomenclature 
is used 
in order 
to be consistent 
with 
the assembly 
language 
mnemonics. 


For 
the 
MC3870, 
execution 
of 
an 
INS 
or 
OUTS 
instruction 
requires 
2 machine 
cycles 
for 
ports 
0 and 
1, 


w ereas ports 
4 and 5 require 
4 machine 
cycles. 


When 
an external 
reset 
of the 
MC3870 
occurs. 
PO is 
pushed 
into 
P and 
the 
old contents 
of P are lost. 
It must 
b" 
noted 
that 
an external 
reset 
is recognized 
at the 
start 
of 
a machine 
cycle 
and 
not 
necessarily 
at 
the 
end 
of 
an instruction. 
Thus, 
if the 
MC3870 
is executing 
a multi- 


cycle 
instruction, 
that 
instruction 
is not 
completed 
and 
the 
contents 
of 
P upon 
reset 
may 
not 
necessarily 
be the 


address 
of the 
instruction 
that 
would 
have been executed 


""xt. 
It 
may, 
for 
example, 
point 
to 
an 
immediate 
operand 
if the 
reset 
occurred 
during 
the 
second 
cycle 
of 
an LI or CI instruction. 
Additionally, 
several 
instructions 


(JMP, PI, PK, lR 
PO,O), as well as the interrupt 
acknow- 


ledge sequence, 
modify 
PO in parts. 
That 
is, they 
alter 
PO 
by first 
loading 
one 
part, 
then 
the 
other, 
and 
the 
entire 
operation 
takes 
more 
than 
one cycle. 
Should 
reset 
occur 


during 
this 
modification 
process, 
the value 
pushed 
into 
P 
will be part of the old PO (the as yet unmodified 
part) 
and 
part 
of 
the 
new 
PO (already 
modified 
part). 
Thus 
care 
should 
be 
taken 
(perhaps 
by 
external 
gating) 
to 
insure 


that 
reset 
does 
not 
occur 
at 
an 
undesirable 
time, 


if any significance 
is to be given to the contents 
of Patter 


a reset occu rs. 


Minimum 
A ., 4 kn 


C'" 
20.5 pF 12.5 pF + Cexternal 


fmin 
i! 1.1 AC\ 
65 ns 
,- 
' 
max = 1.0 AC + '5 
ns 


Example 
with 
Cexternal 
., 0: 


A-15kn1:5% 
f i! 2.9 MHz 126% 


...L 


""T' 
Cexternal 
(optional) 


...L 


Minimum 
L '" 0.1 mH 
Minimum 
Q., 40 


Maximum 
Cexternal 
". 30 pF 


C: 
10 pF 11.3 pF + Cexternal 


,,,--'-- 
2 • ..jLC 


Example 
with 
Cexternal 
'" 0: 


L= 
0.3mH 
1:10% 


f 
2l: 3.0MHz 
1:10% 


FIGURE 
5 - PROGRAMMABLE 
RECIISTERS 
AND 
PORTS 
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MC3870 
INSTRUCTION 
SET 


(F8 COMPATIBLE) 


ACCUMULATOR 
GROUP 
INSTRUCTIONS 


Mnemonic 
MKhine 
StJltus 
Bits 


Qper.tion 
Qp Code 
Qper.nd 
function 
Cod. 
Bytes Cycles 
OVF 
ZERO 
CRY 
SIGN 


ADD CARRY 
LNK 
ACC-IACCI 
+ CRY 
19 
I 
1/0 
1/0 
I/O 
1/0 


ADD 
IMMEDIATE 
AI 
ACe-lACe) 
+ H'ji' 
24ii 
2.5 
I/O 
I/O 
I/O 
I/O 


AND 
IMMEDIATE 
Nt 
ACe-(ACel 
A H'jj' 
21ii 
2.5 
a 
I/O 
a 
1/0 


CLEAR 
CLR 
ACC-H'OO' 
70 
1 


COMPARE 
IMMEDIATE 
CI 
H'ji' 
+ (ACel 
+ 1 
25ij 
2.5 
I/O 
110 
I/O 
110 


COMPLEMENT 
COM 
ACC-IACCI 
<!l H'FF' 
18 
a 
110 
a 
110 


EXCLUSIVE 
OR 
IMMEDIATE 
XI 
ACe-(ACe) 
e H'ii' 
23;i 
2.5 
a 
1/0 
a 
110 


INCREMENT 
INC 
ACe-(ACe} 
+ 1 
,F 
I/O 
1/0 
I/O 
I/O 


lOAD 
IMMEDIATE 
LI 
ACe-H'ii' 
20ii 
2.5 


LOAD 
IMMEDIATE 
SHORT 
LIS 
ACC-H'Qi' 
7' 


OR 
IMMEDIATE 
01 
ACe-(ACe) 
v H'ii' 
22ii 
2.5 
I/O 
I/O 


SHIFT 
LEFT 
ONE 
SL 
SHIFT 
LEFT 
1 
13 
1 
a 
I/O 
a 
I/O 
SHIFT 
LEFT 
FOUR 
SL 
SHIFT 
LEFT 
4 
15 
1 
a 
I/O 
a 
I/O 


SHIFT 
RIGHT 
ONE 
SR 
SHIFT 
RIGHT 
1 
12 
I 
a 
I/O 
a 
1 


SHIFT 
RIGHT 
FOUR 
SR 
SHIFT 
RIGHT 
4 
I. 
a 
1/0 
a 
I 


Mnemonic 
Machine 
Status 
Bits 


Qper8tion 
Qp Code 
Operand 
Function 
Cod. 
Byt •• 
Cycles 
OVF 
ZERO 
CRY 
SIGN 


BRANCH 
ON CARRY 
BC 
pea-( (PCoI 
+ 1J + H'aa' 
if CRY'" 
1 
82aa 
3.5 


8RANCH 
ON POSITIVE 
BP 
PCo-! 
(PCoI + 1) + H'aa' 
if SIGN>: 
1 
alaa 
3.5 


BRANCH 
ON ZERO 
az 
PCo-I 
(peOI + 1) + H'aa' 
if ZERO'" 
1 
84 •• 
3.5 


BRANCH 
ON TRUE 
BT 
•• a 
PCo-(PCoI 
+ 1) + H'aa' 
if any test is true 
8taa 
3.5 


BRANCH 
IF NEGATIVE 
BM 
PCo+-( (PCo) + 11 + H'aa' 
if SIGN:E 
0 
91aa 
3.5 


BRANCH 
IF NO CARRY 
BNC 
aa 
PCo+-1 (PCol 
+ 11 + H'aa' 
if CARRY 
= 0 
92aa 
3.5 


BRANCH 
IF NO OVERFLOW 
BNO 
PCo+-1 (PCOI + 11 + H'aa' 
if OVF 
= 0 
98aa 
3.5 


BRANCH 
IF NOT 
ZERO 
BNZ 
PCO+-( (PCoI 
+ 11 + H'aa' 
if ZERO:E 
0 
94aa 
3.5 


BRANCH 
IF FALSE 
TEST 
BF 
taa 
PCo+-((PCoI 
+ 11 + H'aa' 
if all false test bits 
9taa 
3.5 


8RANCH 
IF ISAR 
ILOWERI 
'" 7 
BR7 
PCo-IIPCoI 
+ 11 + H'aa' 
if ISARL 
'" 
7 
8Faa 
2.5 


PCo-WCOI 
+ 2 if ISARL 
= 7 
2.0 


BRANCH 
RELATIVE 
BR 
PCo+-1 (PCO + 1] + H'aa' 
90aa 
3.5 


JUMp· 
JMP 
aaaa 
PCo+-H'aaaa' 
29aaaa 
5.5 


·Privileged 
instruction. 


MEMORY 
REFERENCE 
INSTRUCTIONS 
In aU Memory 
Referen<:e 
Instructions, 
thl! Data 
Counter 
is in<:remented 
DC-DC 
+ 1 


Mnemonic 
Machine 
Status 
Bits 


Operatton 
OP Code 
Oper.nd 
Function 
Cod. 
Bytes 
Cycles 
OVF 
ZERO 
CRY 
SIGN 


ADO 
BINARY 
AM 
ACC-IACCI 
+ IIOCII 
BB 
1 
2.5 
1/0 
1/0 
1/0 
1/0 


ADO 
DECIMAL 
AMO 
ACC-IACCI 
+ {IDCII 
B9 
2.5 
1/0 
1/0 
1/0 
1/0 


AND 
NM 
ACC-IACCII\IIDCI 
I 
BA 
2.5 
0 
1/0 
0 
1/0 


COMPARE 
CM 
IIDCII 
+ IACCI 
+ 1 
BD 
2.5 
1/0 
1/0 
I/O 
1/0 


EXCLUSIVE 
OR 
XM 
ACC-IACCI 
EllIIDCII 
BC 
2.5 
0 
1/0 
0 
1/0 


LOAD 
LM 
ACC-IIDCII 
16 
2.5 


LOGICAL 
OR 
OM 
ACC-IACCI 
V (lOCI 
J 
BB 
25 
1/0 
1/0 


STORE 
ST 
IDCI-IACCI 
17 
2.5 


ADDRESS 
REGISTER 
GROUP 
INSTRUCTIONS 


Mnemonic 
Machine 
Status 
Bits 
Oper8t~n 
OP Code 
Opennd 
Function 
Cod. 
Bytes 
Cycles 
OVF 
ZERO 
CRY 
SIGN 


ADD 
to OAT A COUNTE 
R 
ADC 
OC-IOCI 
+ IACCI 
8E 
1 
2.5 


yALL 
to SUBROUTINe 
PK 
PCoU-(r12l; 
PCoL-{r13); 
PC1-{PCOI 
OC 


CALL 
to SUBROUTINE 
IMMEDIATE· 
PI 
PC1-lPCO); 
PCo-H'aaaa' 
28aaaa 
65 


EXCHANGE 
OC 
XOC 
DCo4DC, 
2C 
2 


LOAO 
OATA 
COUNTER 
LR 
OC.O 
OCU-(r14l; 
DCL-Ir1S) 
OF 


LOAD 
OATA 
COUNTER 
LR 
OC.H 
DCU-(r10); 
OCL-(rl1) 
10 


LOAD 
DC 
IMMEDIATE 
OCI 
aaaa 
OC-H'aaaa' 
2Aaaaa 


LOAO 
PROGRAM 
COUNTER 
LR 
PO.O 
PCoU-(r14); 
PCoL-(r15J 
00 


LOAD 
STACK 
REG ISTE R 
LR 
p.K 
PC1U-(r12l: 
PC1L-lr13) 
09 


RETURN 
FROM 
SUBROUTINE· 
POP 
PCO-(PCl 
) 
lC 


STORE 
DATA 
COUNTER 
LR 
O.DC 
r14-IDCU); 
r15-(OCLl 
OE 


STORE 
DATA 
COUNTER 
LR 
H.DC 
rl0-(OCU); 
rll-(OCL) 
11 


STORE 
STACK 
REGISTER 
LR 
K.P 
r12-lPCl 
Ul; r13-(PCl 
Ll 
08 


SCRATCHPAD 
REGISTER 
INSTRUCTIONS 
I Ref •• to Sc<otehpad 
Add",,;ng 
Mod ••,1 


Mnemonic 
Machine 
Status Bits 


Oper.tion 
OP Code 
Operand 
Function 
Code 
Bytes 
Cycles 
OVF 
ZERO 
CRY 
SIGN 


ADO 
BINARY 
AS 
ACC-(ACC) 
+ (r) 
C. 
1 
1 
1/0 
1/0 
1/0 
1/0 


ADD 
DECIMAL 
ASD 
ACC-(ACC) 
+ (r) 
0, 
2 
I/O 
1/0 
1/0 
1/0 


DECREMENT 
OS 
r-(r) 
+ H'FF' 
3, 
1.5 
1/0 
1/0 
1/0 
I/O 


LOAD 
LR 
A .• 
ACC-Id 
.. 


LOAD 
LR 
A,KU 
ACC-I,,21 
00 


LOAD 
LR 
A,KL 
ACC-(r131 
01 


LOAD 
LR 
A.OU 
ACC-(r141 
02 


LOAD 
LR 
A,QL 
ACC-(r15) 
03 


LOAD 
LR 
.A 
'-IACCI 
5. 


LOAD 
LR 
KU.A 
"2-IACCI 
D' 


LOAD 
LR 
KLA 
r13-(ACCI 
05 


LOAD 
LR 
OU.A 
r14-(ACCl 
06 


LOAD 
LR 
OL.A 
r15-IACC) 
07 


AND 
NS 
ACC-IACCII\I.I 
F. 
1/0 
1/0 


EXCLUSIVE 
OR 
XS 
ACC-IACCI 
Ell 1.1 
E. 
1/0 
1/0 


·Privileged 
Instruction. 


MISCELLANEOUS 
INSTRUCTIONS 


MnemonM: 
MKhine 
Status Bits 


Operation 
OP Code 
Operand 
Function 
Cod. 
Bytes 
eyel" 
OVF 
ZERO 
CRY 
SIGN 


OISABLE 
INTERRUPT 
01 
RESET 
ICB 
lA 
1 
2 


ENABLE 
INTERRUPT· 
EI 
SET 
ICB 
1B 
2 


INPUT 
IN 
.. 
ACC •...(INPUT 
PORT 
aa) 
26aa 
4 
1/0 
0 
110 


INPUT 
SHORT 
INS 
ACC-IINPUT 
PORT 
al 
Aa 
4'" 
1/0 
0 
110 


LOAD 
ISAR 
LR 
IS.A 
ISAR-IACCI 
OB 


LOAO 
ISAR 
LOWER 
L1SL 
I$ARL-a 
1101a-· 


LOAO 
ISAR 
UPPER 
L1SU 
I$ARU-a 
01100 •••• 
1 


LOAO 
STATUS 
REGISTER· 
LR 
W.J 
W-(r9) 
'0 
2 
110 
1/0 
110 
110 


NO·OPERATION 
NOP 
PCO-IPCO) 
+ 1 
2B 
1 


OUTPUT 
OUT 
aa 
OUTPUT 
PORT 
aa-IACC) 
27aa 
4 


OUTPUT 
SHORT 
OUTS 
OUTPUT 
PORT 
a-IACC) 
Ba 
4 ••• 


STORE 
ISAR 
LR 
A.IS 
ACC-(ISAR) 
OA 


STORE 
STATUS 
REG 
LR 
J.W 
r9-(W} 
'E 


·Privileged 
Instruction 


"·3·Bil 
Octal 
Digit 


•• -2 
Machine 
Cycles 
for 
CPU 
Ports 


Each 
lowercase 
character 
represents 
a Hexadecimal 
digit. 


Each cycle 
equals 4 machine 
clock 
periods. 


Lowercase 
denotes 
variables 
specifIed 
by programmer. 


Registers tt12 and it13 


Register 
413 


Register #12 


Program Counter 


Least 
signfiicant 
8 bits 
of Program 
Counter 


Most significant 
8 bits of Program 
Counter 


Stack 
Register 


Least Significant 
8 bits of Program Counter 


Most 5ignficant 
8 bits of Active 
Stack 
Register 


Registers #14 
and #15 


Register #15 


Register 
#14 


Scratchpad 
Register 
(any address through 
11) 


Status 
Register 


is replaced 
by 


(I 
the contents 
of 


(- 
J 
Binary 
"l"s 
complement 
of 


Arithmetic 
Add 
(Binary 
or Decimal) 
m 
Logical 
0 A exclusive 


1\ 
Logical 
AND 


V 
LogIcal 
OR Inclusive 


H' 
Helladecimal 
dIgit 


Address 
Val iable 


Accumulator 


Data Counter 
(IndIrect 
Address 
Register) 


Data Counter 
.:to (Indirect 
Address 
RegIster 
:;;OJ 


Data Counter 
~1 (Indirect 
Address 
Register 
#1) 


Least Significant 
8 bits of Data Counter 
Addressed 


Most SIgnificant 
8 bits of Data Counter 
Addressed 


Scratchpad 
Register 
#10 
and #11 


Immediate 
Operand 


Interrupt 
Control 
Bit 


Indirect 
Scratchpad 
Address 
Register 


Indirect 
Scratchpad 
Address 
Register 


Least SIgnificant 
3 bits of ISAR 


Most significant 
3 bits of ISAR 


$cratchpad 
Register 
#9 


Scratchpad 
Addressing 
Modes 
(Machine 
Code 
Format) 


C 
(HeXadecimal). 
Register 
Addresspd 
by ISAR 
(Unmodified) 


o 
(Hexadecimal), 
Register 
Addressed 
by ISAR, 
ISARL 
Incremented 


E 
(Hexadecimal), 
Register 
Addressed 
by rSAR, 
ISARL 
Decremented 


F 
(No operation 
performed) 


o 
(Hexadecimal), 
Register 
0 through 
11 addressed directly 
from 
the 


through 
8 
Instruction 


ICB 


IS 


tSAR 


ISARL 


ISAAU 


J 


No change 
in condition 


1/0 
is set to •.,,, or "0" 
depending 
on conditions 


CRY 
Carry 
Flag 


OVF 
Overflow 
Flag 


SIGN 
Sign of Result 
Flag 


ZERO 
Zuo 
Flag 


tExternal 
Interrupt 
Input 


(+5 
V "" 


Logic 
1) 


ADe 
I EI 
DI 
LNK 


W 


LlSL 


ISAR 


LlSU 


I/O 
Ports 


(4) 


+5 Volts 


"" Logic 
0 
on 
1/0 
Pins 


ROM 
Mem 


(2K 
x 8) 


Reset Transfers 
PO to P and 
then clears PO, Ica Bit of W, 
and Ports 4, 5, 6, and 7. 


ROM 


Mom 
(2K 
x 8) 


• These instructions 
set status. 
t The value 
of 
the external 
interrupt 
input 
is loaded 
to Bit 7 of the accumulator 
(with 
Bits 0 through 
6 loaded with 
zeros) when 
the instruction 
'INS 
6' is executed. 
This instruction 
also sets status. 
tPo, 
P, DC1 are 11·bit 
registers. 


NOTE: 
The Instructions 
PI and PK are shown 
in two 
sequential 
parts. 
(P11, PI2 and PK 1, PK2). 


External 
Interrupt 
Input 


• Loads Interrupt 
Vector 
H '020' 
upon completion 
of the first 
nonprivileged 


instruction. 


Acknowledge 
Timer 
Interrupt 


Acknowledge 
External 
Interrupt 


APPENDIX 


CUSTOM 
MC3870 
ORDERING 
INFORMATION 


A.O 
Custom MC3870 Ordering Information 


The custom MC3870 specifications may be trans' 
mitted to Motorola in any of the following media: 


1) 3870 Emulator Module (3870 EM) 
2) PROM(s) from the 3870 EM 
3) Assembler formatted object tape 
4) Punched card deck 
5) Papertape of card deck format 


The specification should be formatted 
and packed 
as indicated 
in 
the appropriate 
paragraph below and 
mailed prepaid and insured with a cover letter (seeFigure 
A·2) to: 
MOTOROLA INC. 
3501 Ed Bluestein Boulevard 
Austin, TX 
78721 


A copy of the cover leIter should alsobe mailed separately. 


A.1 
3870 Emulator Module (3870 EM) 


The 3870 
EM circuit 
board, with 
the customer 
program in PROM(s) installed on the board, may be used 
to specify the custom MC3870 pattern. The circuit board 
should 
NEVER 
be placed in contact 'with 
styrofoam 
materials. 
The 
circuit 
board should 
then 
be securely 
packaged for shipment. 


A.2 
PROMs 


MCM2708 
or 
MCM2716 
type 
PROMs, program· 
med with 
the customer program 
(positive logic 
sense 
for 
address and data). 
may 
be submitted 
for 
pattern 
generation. 
The 
PROMs must 
be clearly 
marked 
to 
indicate which PROM corresponds to which addressspace 
(000-3FF 
HEX). 
See Figure 
A·1 
for 
recommended 
marking procedure. 
After 
the PROM(s) are marked and removed from 
the Emulator, 
they 
should be placed in conductive 
IC 
carriers 
and 
securely 
packed. Do not 
use styrofoam. 
Black 
IC 
carriers 
are 
provided 
with 
the 
3870 
EM 
for this purpose. 
~ 


xxx 


A.3: 
Assembler Formatted Object Tape 


Cassette tapes produced on a Silent 700 terminal 
using the 3870 EM and EXORciser are acceptable. 


A,4 
Punched Card Deck 


The custom MC3870 may be specified for manufac- 
tun, in the form of standard 80·column punched cards. 
The card deok for specifying the Custom MC3870 
hasthe following format: 


OPTION CARD 
COMMENT CARDS 
X CARDS 
C CARDS 


Option Card 


The first 
card in the deck must be the OPTION 
CAI~D. The format is asfollows: 


Column 1-20: 
Customer name. Any 20 characters may 
be used. 


Column 25-29: 
This is a 5·digit 
number 
assigned by 
Motorola. 
Leave this 
field 
blank. 
It 
will 
be punched 
at 
Motorola 
unless 
otherwise notified. 


Column 32: 
Port Type. This specifies the interface 
option of Ports 4 and 5. 


1 = Standard TTL 
2 = Open Drain 
3 = Direct Drive 


Column 37-39: 
Address field baseon output listing. The 
characters HEX 
or 
DEC specify 
the 
output 
listing 
address base as hexa- 
decimal 
or 
decimal, 
respectively. 
If 
omitted, DEC is assumed. 


Colum 41-43: 
Data field base on output 
listing. The 


characters HEX 
or 
DEC specify 
the 
output 
listing ROM data base as hexa- 
decimal 
or 
decimal, 
respectively. 
If 
omitted, DEC is assumed. 


Comment Cards 


Comment Cardsmust have an asterisk (*) in column 
1. The remaining 79 columns may contain 
any letter, 
number, 
or character. 


X Cards 


Five X cards 
are possible. 
All X cards 
have an X in 


column 
1 and 
one or three 
or more words 
each separated 
by one blank 
space. 


The possibilities 
are: 


1) X SEQUENCE 
21 X BASE 
DEC DEe 
3) X BASE DEC HEX 
4) X BASE 
HEX DEC 
5) X BASE HEX HEX 


Card 
1 specifies 
that 
there 
are sequence 
numbers 
on 


each 
data 
card 
that 
follows. 
The 
sequence 
numbers 
must 
be 
in columns 
77 -79 
of 
the 
data 
cards 
(C Cards) 
and 


must 
be 
in decimal, 
right 
justified. 
The 
numbers 
must 


start with 
1 (one) and must be in order. 
The X SEQUENCE 
Card 
may 
appear 
anywhere 
within 
the 
deck 
after 
the 
Option 
Card. 
If it appears 
within 
the 
data 
card 
section, 
data 
cards 
encountered 
before 
the 
X SEQUENCE 
Card 


will 
not 
be checked 
for sequence 
numbers. 
All following 


cards 
will be checked. 
If no X SEQUENCE 
Card 
is used, 


no sequence 
numbers 
will be checked. 


It 
is initially 
assumed 
that 
the 
address 
and 
byte 
count 
as well as the 
data 
specified 
on the C Cards will be 


in decimal. 
An X BASE 
Card can 
be used to override 
this 
specification. 
The second 
word 
on the card 
(that 
following 
BASE) 
specifies 
the 
base 
(either 
DEC 
or 
HEX) 
of the 
address 
and 
byte 
count 
on all following 
C cards. 
The last 


word 
specifies 
the 
base of the 
data 
fields 
on the C Cards. 


An 
X BASE 
card 
may 
appear 
anywhere 
within 
the 
deck 
following 
the 
OPT ION 
Card. 
It may 
be 
overridden 
by 
another 
X BASE 
Card. 
All data 
cards 
(C Cards) 
following 
an 
X BASE 
Card 
will be interpreted 
as per that 
X BASE 


Card 
unless 
another 
X 
BASE 
Card 
is encountered. 
If 


no 
X BASE 
Cards 
are 
used, 
it is assumed 
that 
all fields 
on the C Cards are in decimal. 


NOTE: 
Once 
an 
X SEQUENCE 
Card 
is encountered, 
all 
successive 
cards 
will 
be 
checked 
for the 
proper 
sequence 
number 
and 
unlike 
X BASE 


Cards 
this option 
cannot 
thereafter 
be altered 
by another 
X SEQUENCE 
Card. 


These 
cards 
contain 
the 
actual 
ROM 
data. 
All 


fields are right·justified. 


Column 
1: 


Column 
2-9: 


Column 
10-12: 


Column 
14-16: 


Column 
17-19: 


C (the letter 
C) 


ADD 
BYTE 


DATAl 
DATA 
2 


Column 
76-78: 
DATA 
21 
Column 
77-79: 
DATA 22 or SEQUENCE 
NUMBER 


ADD 
is the 
address 
of the first byte of data 
(DATA 


1) contained 
on 
that 
card. 
Byte 
is the 
number 
of bytes 
of data 
to be read 
from 
that 
card. 
BYTE 
must 
be greater 


than 
zero 
and less than 
23 (1-22) 
if no sequence 
numbers 


are 
used, 
and 
less than 
22 (1-21) 
if sequence 
numbers 


are used. 
If, for example, 
there 
are ten data 
fields punched 


on the card, 
but BYTE 
= 2, only 
the first two will be read. 


Also, 
if there 
are two 
punched 
data 
fields, 
for example, 


and 
BYTE 
= 6, six ROM locations 
will be filled 
from 
that 
card. 
The 
four 
unspecified 
fields 
will be decoded 
as zero. 


ADD 
and 
BYTE 
are 
always 
in the 
same 
base 
(H EX or 


DECIMAL). 
DATA 
1 through 
DATA 
N is the 
data 
to be 


placed 
in the 
ROM 
at 
addresses 
ADD 
through 
ADD 
+ 


(N-l 
I, respectively. 


Any 
ROM 
address 
not 
filled 
as a result 
of reading 


data 
from 
a C Card 
will be filled with 
zero. 
If a particular 


location 
has 
already 
been 
specified 
by a C Card, 
but 
a 
successive 
C Card 
also has the 
data 
which 
is to be placed 
in that 
location, 
the 
second 
C Card will override 
the first. 


A.5 
Paper 
Tape of Card Deck 
Format 


Punched 
Paper 
tape 
(ASCII) 
in the 
same 
format 


as cards 
can 
also 
be accepted. 
However, 
your 
order 
will 


be 
processed 
faster 
if the 
data 
is in card 
format. 
After 


the 
tape 
leader 
there 
should 
be 
a <CR><LF>. 
Data 


records 
should 
be a full 80 columns, 
each 
terminated 
by 


a 
<CR><LF>. 
Following 
the 
last 
Data 
record, 
there 
should 
be one 
more 
record 
with 
the 
first three 
characters 


being 
EOF, 
followed 
by 77 blanks 
and 
a <CR><LF> 


<CR> 
= Carriage 
Return 


<LF> 
= Line Feed 


CITY 
_ 


PHONE 
(__ 
l 
_ 


CONTACT 
MS/MR 
_ 


CUSTOMER 
PART # 
_ 


o Open Drain 
o 
Direct Drive 


o 3870 EM 
o 2708 PROM 
o 2716 PROM 
o Paper Object Tape 
o Silent 700 Cassette 
o Card Deck 
o Tape of Card Deck 
o (Note 2) 
_ 


NOTES: 
(1) Ports 4 and 5 Only 


(2) Other Media Require Prior Factory 
Approval 


a-BIT MICROCOMPUTER UNIT 
The MC6805P2 Microcomputer Unit (MCU) IS a member of the 
M6805 
Family of 
microcomputers. 
This 8-bit 
microcomputer 
contains a CPU. on-chip clock. ROM. RAM. I/O and timer. It is 
designed for the user who needs an economical microcomputer 
with the proven capabilities of the M6800-based instruction set 
Table 9 compares thi' 
key features 
of the 
M6805 
Family of 
microcomputers. The following 
are some of the hardware and 


software highlights of the MCU 
HARDWARE 
FEATURES: 


• 
8-8it Architecture 


• 
64 8ytes of RAM 
• 
Memory Mapped I/O 
• 
1100 Bytes of User ROM 
• 
Internal 8-Bit Timer with 7-Bit Prescaler 
• 
Vectored Interrupts - 
External and Timer 
• 
20 TTlICMOS 
Compatible I/O Lines; 


8 Lines LED Compatible 


• 
On-Chip Clock Circuit 
• 
Self-Check Mode 


• 
Master Reset 
• 
Low Voltage Inhibit 
• 
Complete Development System Support on EXORciser 


• 
5 Vdc Single Supply 
SOFTWARE FEATURES: 


• 
Similar to M6800 
• 
Byte Efficient Instruction Set 


• 
Easy to Program 
• 
True 81t Manipulation 
• 
Bit Test and Branch Instructions 
• 
Versatile Interrupt Handling 
• 
Powerful Indexed Addressing for Tables 
• 
Full Set of Conditional Branches 
• 
Memory Usable as Registers/Flags 
• 
Single Instruction Memory Examine/Change 
• 
10 Powerful Addressing Modes 
• 
All Addressing Modes Apply to ROM. RAM and I/O 


M8805 
T 


MC8805P2 
LLA 
Part 
Number 
-------c== 
A Particular 
Version 
of the 
M6905 Family 


MC8805P2l1 
LAn Evaluation 
Program 
In ROM 


(HIGH 
DENSITY 


N-CHANNEL. 
SILICON-GATE 
DEPLETION 
lOAD) 


8-BIT 
MICROCOMPUTER 


C SUFFIX 


CERDI? 
PACKAGE 


CASE 
733-02 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
71002 


28 


2 I 


26 


25 


5 
24 


6 
23 


7 
22 


8 
22 


9 
20 


10 
19 


11 
18 


12 
17 


13 
16 


14 
15 


Accumulator 


A 


Index 


Register 
AD 


A1 
Condllion 
POrl 
A2 
Port 
Data 
Code 


A 
A3 
A 
D" 
RegisTer 
CC 


110 
A4 
CPU 
lmes 
A5 
Reg 
Reg 
STack 


A6 
POinter 
A7 
SP 


Program 


Counter 


High 
PCH 


Program 
Counter 


Low 
PCL 


80 
81 


CPU 
Data 
Pori 
82 
Port 


Control 
8 
83 
8 
D" 
8" 
10 
Reg 
Reg 
85 
Lines 
86 
87 


co 
PorI 


C1 
C 
C2 I 0 
C3 
llnps 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-03to+70 
Vdc 


Input Voltage 
Von 
-03 
to +70 
Vdc 


Operating 
Temperature 
Range 
TA 
o to 70 
OC 


Storage Temperature 
Range 
T5t9 
-55 
to +150 
°C 


Thermal 
Resistance 
Plasttc Package 
BJA 
85 
°C/W 


Ceramic Package 
50 


Cerdlp 
51 


This 
device 
contains 
CirCUItry to protect 
the 
mputs 
against 
damaqe due to high stallC voltages or electrrc 


fields 
howpver 
It ISadvised Ihat normal 
precaullons 


bl' t,lkpn 
to <woKl apphcallon 
of any voltage 
higher 


Ihan maximum 
ralf··d voltages 
to thiS hlqh rmppdance 
ClrCllIt 
FOl proper 
operation 
11IS rpcommended 
thaI 


Vln and Vaut bf'conSlralned 
tothe 
r."mgeVsS· 
IVIO or 


Vautl 
• VCC 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input Htgh Voltage 
RESET 
V'H 
40 
- 
VCC 
Vdc 


INT 
V'H 
- 
22 
- 
Vdc 


AI' Other 
V,H 
VSS + 2.0 
- 
VCC 
Vdc 


Input High Voltage TImer 
TImer Mode 
V,H 
VSS + 2.0 
- 
VCC 
Vdc 


Self-Check 
Mode 
V'H 
- 
90 
150 
Vdc 


Input Low Voltage 
RESET 
V'L 
VSS - 03 
08 
Vdc 


INT 
V,L 
~ 
20 
- 
Vdc 


All Other 
V,L 
VSS - 0 3 
- 
VSS + 0 8 
Vdc 


INT HysteresIs 
VH 
- 
100 
- 
mVdc 


Power DIsSipation 
Po 
- 
350 
- 
mW 


Input Capacitance 
I EXTL 
Cin 
- 
20 
- 
pF 
I All Other 
C,n 
- 
10 
- 
pF 


Low Voltage Recover 
LVR 
- 
- 
475 
Vdc 


Low Voltage 
Inhibit 
LV' 
- 
45 
- 


SWITCHING 
CHARACTERISTICS 
(Vee 
; +525 
V ± 0.5 
Vde. VSS ; GND. TA ; 00 - 
700C unless 
otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
M•• 
Unit 


Clock Frequency 
lei 
04 
- 
4.0 
MHz 


Cycle Time 
teye 
1.0 
- 
10 
lIS 


INT Pulse Width 
liWL 
teye 
+ 250 
- 
- 
ns 


RESET Pulse Width 
tRWL 
teye 
+ 250 
- 
- 
ns 


Delay Time Reset (External Cap. ; 0.47 /lFI 
tRHL 
20 
50 
- 
ms 


PORT ELECTRICAL 
CHARACTERISTICS 
(Vee; 
+5 25 V ±D.5 Vde, VSS; 
GND. TA; 
00 to 70°C unless otherwise 
noted). 


Characteristic 
I 
Symbol 
I 
Min 
I 
Typ 
M •• 
I 
Unit 


Port 
A 


Output 
Low Voltage 
VOL 
- 
- 
0.4 
Vde 


Iload ; 1.6 mAde 


Output 
High Voltage 
VOH 
24 
- 
- 
Vde 


Iload; 
-100 
/lAde 


Output High Voltage 
VOH 
3.5 
- 
Vde 


Iload ; -10 /lAde 


Input 
High Voltage 
VIH 
VSS + 2 0 
- 
VCC 
Vde 


Iload ; -300 
/lAde (max) 


Input Low Voltage 
VIL 
VSS - 0.3 
VSS + 08 
Vde 


Iload ; -500 
/lAde (max) 


Port 
B 


Output Low Voltage 
VOL 
- 
- 
04 
Vde 


Iload :; 3.2 mAde 


Output 
low 
Voltage 
VOL 
- 
- 
10 
Vde 


Iload; 
10 mAdelslnk) 


Output High Voltage 
VOH 
24 
- 
- 
Vde 


Iload ; -200 
uAde 


Darlington 
Current Drive (Source) 
'OH 
-10 
- 
-10 
mAde 


Vo; 
1 5 Vde 


Input High Voltage 
VIH 
VSS 
+ 2 0 
- 
VCC 
Vde 


Input Low Voltage 
VIL 
VSS 
03 
- 
VSS + 0 8 
Vde 


Port C 


Output Low Voltage 
VOL 
- 
- 
04 
Vde 


Iload :; 1 6 mAde 


Output High Voltage 
VOH 
24 
- 
- 
Vde 


I'oad ; -100 
/lAde 


Input HIgh Voltage 
VIH 
VSS 
+ 2.0 
- 
VCC 
Vde 


Input Low Voltage 
V,L 
VSS - 0 3 
- 
VSS +08 
Vde 


Off·State 
Input 
Current 


Three-State 
Ports 8 & C 
I 
ITS' 
I 
- 
2 
20 
I /lAde 


Input Current 


TImer at Vln :; (04 
to 2 4 Vdcl 
I,n 
I 
- 
- 
20 
/lAde 


FIGURE 
3 - 
TIL 
EOUIV. 
TEST LOAD 
FIGURE 
4 - 
CMOS 
EOUIV. 
TEST LOAD 
FIGURE 
5 - 
TIL 
EOUIV. 
TEST 
LOAD 
(PORT 
B) 
(PORT 
Al 
(PORTS 
A AND 
CI 


Vcc 
1Tf 


/' 


TeSl 
-" 


/ " 
MM0615Q 
-, 
,••• 'o'"'~ 
Tes! 
~ 
II 
MM0615Q 
POInl v, 


cJJ' 


Of Equ,~ 
POIn, 
01 EQu'~ 
v, 


MM07000 
r~~ 


C 
R 
MM07000 


OJ EQu,~ 
Of EQu,~ 


7 
-::- 
-::- 


c 
40 pf 
R, 
12. 
C ~~. 
,.. 
A(lluSlRlSOth.,Il-J2mA 
AdII>S'Rl so II•• , I, 
16mA 


w,1I,VI 
O. V .nd Vee 
525\1 
••"hVI 
04 V indVeC 
525V 


SIGNAL 
DESCRIPTION 
The 
Input 
and 
output 
signals 
for 
the 
MCU 
shown 
In 
Figure 
1 are 
described 
in the 
following 
paragraphs. 


VCC AND 
VSS 
- 
Power 
IS supplied 
to the 
MCU 
uSing 
these 
two 
pins. 
VCC 
IS +5 25 Vdc 
105 
V 
VSS 
IS the 


ground 
connection. 


INT 
- 
This 
pin 
provides 
the 
capability 
for applYing 
an 


external 
Interrupt 
to the MCU 
Refer 
to fNTERRUPTS 
for 
additional 
information 


XTAl 
AND 
EXTAl- 
These 
pinS provide 
control 
Input 
for 
the 
on-chip 
clock 
CirCUit. 
A 
crystal 
(AT 
cut, 
4 
MHz 


maximum) 
or a resistor 
can be connected 
to these 
pinS 
to 


provide 
the 
Internal 
oscillator 
With 
varyIng 
degrees 
of 


stability 
Refer 
to INTERNAL 
OSCillATOR 
OPTIONS 
for 
recommendations 
about 
these 
Inputs 


TIMER 
~ 
This 
pin 
allows 
an external 
Input 
10 be used 
to decrement 
the Internal 
timer 
CirCUitry 
Refer 
to TIMER 


for 
additional 
Information 
about 
the timer 
c.lrCUl1ry 


RESET 
- 
This 
pin allows 
resetting 
of the MCU 
at times 


other 
than 
the 
automAtic 
resetting 
capability 
already 
In 
the 
MCU 
Refer 
to RESETS 
for 
addlllonal 
information 


N UM 
- 
This 
pin 
IS not for user 
application 
and should 


be connected 
to ground 


1111 
PUT /OUTPUT 
LINES 
(AO-A7. 
80-87. 
CO-C3) 
- 


These 
20 lines 
are arranged 
Into two 
B-blt 
ports 
(A and B) 


and 
one 
4 bit 
port 
(C) 
All 
lines 
are 
programmable 
as 
either 
mputs 
or outputs 
under 
software 
control 
of the data 


direClion 
registers 
Refer 
to 
INPUTS/OUTPUTS 
for 


additional 
Information 


MEIIIIORY 
The 
MCU 
memory 
IS configured 
as shown 
,n Figure 
6 


During 
the processing 
of an mterrupt, 
the contents 
of the 


MCU 
regIsters 
are 
pushed 
onto 
the 
stack 
In the 
order 


shown 
In FIgure 
7 
Since 
the 
stack 
pOinter 
decrements 


dUring 
pushes, 
the 
low 
order 
byte 
(PCl) 
of the 
program 
cou ,ter 
IS slacked 
first. 
then 
the 
high 
order 
three 
bits 
(PCH) are stacked 
This 
ensures 
Ihat 
the program 
counter 


IS loaded 
correctly 
as the stack pOinter 
Increments 
when 
It 


pulls 
data 
from 
the stack 
A subroutine 
call will 
cause 
only 


the 
program 
counter 
(PCH, 
PCl) 
conlenlS 
to be pushed 
onto 
the 
stack 


1/0 
PoriS 
SOOO 
0 
Port A 


Timer 


RAM 
1 
Port 
B 


(128 
8vtes) 
S07F 
2 , 
1 , 
11 
Port 
C 


Page Zero 
\80 
3 
Not Used 


ROM 
4 
Port A DDR 


(128 
Bytes) 


SOFF 
5 
Port 
B DDR 


Not Used :~:\: 


Not Used I Pori 
C DDR 


ROM 
Not Used 


1704 
8vtesJ 
Timer 
Data 
Reg 


S3CO 
9 
Timer 
CTRL Reg 


Main 
ROM 
10 


(964 
Bytes) 
Not Used 


S783 
63 


(54 
Bytes) 


S784 
64 
RAM 
(64 
Bytes) 
Self 
Check 
\ 
ROM 
Strk 


(116 
Bytes) 
127 


S7F7 


Interrupt 
S7F8 
·Write 
on IV registers 


Vectors 


ROM 


188vtes) 
S7FF 


SOOO 


SDO' 


SD02 


SD03 


SD04' 


SD05' 


SOO6" 


SD07 


SD08 


SD09 


SDOA 


5 
4 
0 


CONDITION 


1 
t 
1 
CODE 
REGISTER 


REGISTERS 


The 
MCU 
has 
five 
registers 
available 
to 
the 
programmer. 
They 
are 
shown 
in 
Figure 
8 
and 
are 
explained 
In the 
following 
paragraphs 


ACCUMULATOR 
(A) 
- 
The 
accumulator 
IS a general 


purpose 
B-blt 
register 
used to hold operands 
and results 
of arithmetic 
calculations 
or data 
manipulations. 


INDEX 
REGISTER 
(X)- 
The 
Index 
reglsler 
IS an 8-bit 


register 
llsed 
for the Indexed 
addressing 
mode 
It contains 
an 8-blt 
address 
that 
may 
be added 
to an offset 
value 
to 
creatp 
an effeC:llve 
address 
The index 
register 
can also be 
used 
for 
I,mlted 
calculatIons 
and 
data 
manipulations 
when 
uSing 
read/modify 
write 
Instructions 
When 
not 


required 
by 
a code 
sequf>nce 
being 
executed. 
the 
Index 


reqlster 
can 
be used 
as a temporary 
storage 
area 


PROGRAM 
COUNTER 
(PC) 
- 
The 
program 
counter 
IS an l1-bll 
regIster 
that 
contains 
the address 
of thf~ next 
InstructIon 
to be executed 


STACK 
POINTER 
(SP)- 
The stack 
pOinter 
is an 11-blt 


register 
that 
contains 
the address 
olthe 
next free location 
on the 
stack 
Initially, 
the 
stack 
pointer 
IS set to location 
S07F 
and IS decremented 
as data 
IS being 
pushed 
onto 
the 
stack 
and 
Incremented 
as data 
IS being 
pulled 
from 
the 
stack 
The SIX most 
significant 
bits of the stack pOinter 
are 
permanently 
set 
to 000011 
DUling 
a MCU 
reset 
or the 


reset 
stack 
pOinter 
(RSP) instructIon, 
the stack 
pOinter 
IS 
set to location 
S07F 
Subroutines 
and 
Interrupts 
may be 
nested 
down 
to 
location 
S061 
which 
allows 
the 
programmer 
to use 
up to 
15 levels 
of subroutIne 
calls 


CONDITION 
CODE 
REGISTER 
(CCI- 
The condition 


code register 
is a 5-bit 
register 
in which 
each bit is used to 


indicate 
or 
flag 
the 
results 
of 
the 
instruction 
just 


executed. 
These 
bits 
can 
be 
individually 
tested 
by 
a 
program 
and 
specific 
action 
taken 
as a result 
of their 


state. 
Each 
individual 
condition 
code 
register 
bit 
is 
explained 
in the 
following 
paragraphs. 


Half 
Carry 
(H) 
- 
Used 
during 
arilhmetlc 
operations 
(ADD 
and ADC) 
to Indicate 
that 
a carry 
occurred 
between 


bits 
3 and 
4 


o 
------A----'I 
Accumulator 
~--~------ 


o 


:==========x========llnde 
.. Register 
oI Program 
Counter 


to 
5.4 


10101 
0 1011 
1 I 


Negatlvt> 


Interrupl 
Mask 


Interrupt 
(I) 
- 
ThiS 
bit 
IS set 
to mask 
the 
timer 
and 
external 
mterrupt 
(lNT) 
If an interrupt 
occurs 
while 
thiS 
bit IS set It IS latched 
and will 
be processed 
as soon 
as the 


Interrupt 
bl! 
IS reset 


Negative 
(N) 
- 
Used 
to Indicate 
that 
the 
result 
of the 


last arIthmetic, 
logIcal 
or data manlpulilt!on 
was negative 


(hit 
7 In result 
equal 
to a logical 
on!') 


Zero 
(Z) - 
Used 
to indicate 
that 
the 
result 
of the 
last 
arithmetic, 
logical 
or data 
manipulation 
was 
zero. 


Carry/Borrow 
(C) 
- 
Used 
to indicate 
that 
a carry 
or 


borrow 
out 
of 
the 
arithmetic 
logic 
unit 
IALU) 
occurred 


during 
the 
last 
arithmetic 
operation. 
This 
bit 
is 
also 


affected 
dUling 
bit 
test 
and 
branch 
instructions, 
shifts, 


and 
rotates. 


TIMER 


The 
MCU 
timer 
circuitry 
is shown 
in Figure 
9. The 8-bit 
counter 
is loaded 
under 
program 
control 
and counts 
down 


toward 
zero 
as soon 
as the 
clock 
Input 
is applied. 
When 
the timer 
reaches 
zero the timer 
interrupt 
request 
bit (bit 


71 in the timer 
control 
register 
IS set 
The MCU 
responds 
to 


this 
interrupt 
by 
saving 
the 
present 
MCU 
state 
in 
the 
stack, 
fetching 
the 
timer 
interrupt 
vector 
from 
locations 


S7F8 
and 
S7F9 
and 
executing 
the 
interrupt 
routine. 
The 


timer 
interrupt 
can 
be 
masked 
by 
setting 
the 
timer 


Interrupt 
mask 
bit (blt'6) 
In the timer 
control 
register. 
The 


interrupt 
bit II bit) 
in the 
condition 
code 
register 
will 
also 


prevent 
a timer 
interrupt 
from 
being 
processed 


The 
clock 
input 
to the 
timer 
can 
be from 
an external 


source 
applied 
to 
the 
TIMER 
Input 
pin 
or 
It can 
be the 


internal 
¢2 
signal 
Note 
that 
when 
the 
¢2 
Signal 
is used 


as the 
source 
it can 
be gated 
by an 
input 
applied 
to the 


TIMER 
Input 
pin allowing 
the user to easily 
perform 
pulse- 


width 
measurements. 
The source 
of the clock input 
is one 


r------l 
: 
: 
L 
J 


ManufactuTlng 


Mask 
Options 


Timer 


Input 


Pin 


iNT 
A7 
27 


A6 
26 


28 
RESEr 
AS 
25 


::::c: 047 IJf 
A4 
24 


5 
XTAL 
A3 
23 


A2 
22 


4 
EXTAL 
A' 
2' 


AO 
20 


'9V 
TIMER 


87 
19 


6 
NUM 
86 
'8 


VCC 
85 
17 


84 
16 


8 
CO 
83 
15 


Cl 
82 
14 


10 C2 
8' 
13 


11 C3 
80 
12 


VCC 
= Pin 
3 


VSS 
= Pin 1 


Timer 


Inlerrupt 
Req 


TImer 


Inierrupl 
Mask 


T.mer 


U 
ConTrol 
Register 


5 


E 
o 


of the options that has to bespecified before manufacture 
of the MCU. A prescaler option can be applied to the clock 


input 
that 
extends 
the timing 
interval 
up to a maximum 
of 
128 COUCltSbefore being applied to the counter. This 
prescaling 
option 
must 
also 
be 
specified 
before 


manufacturing 
begins. 
The 
timer 
continues 
to count 
past 
zero and its present count can be monitored at any time by 
monitoring the timer data register. This allows a program 
to determine the length of time since a timer interrupt has 
occurred and not disturb the counting process 
At 
power 
up 
or 
reset 
the prescaler 
and counter are 
initialized with all logical ones; the timer interrupt request 
bit (bit 7) is cleared and the timer interrupt request mask 
bit (bit 6) is set. 
SELF CHECK 
The self check capability 
of the MCU provides an 


internal 
check 
to 
determine 
if the 
part 
is 
functional 
Connect the MCU as shown in Figure 10 and monitor the 
output of port C bit 3 for an oscillation of approxi mately 
three hertz. 


RESETS 
The MCU can be reset three ways: by the external reset 
input (RESET!.by an Internal low voltage detect circuit. 
and during the power up time. See Figure 11 


Upon power 
up. a minimum 
of 20 milliseconds 
IS 


needed before allowing the reset input to go high. This 


time 
allows 
the 
internal 
oscillator 
to stabilize. 
Connecting 


a capacitor to the RESETinput as shown in Figure 12 will 
provide sufficient delay. 


INTERNAL 
OSCILLATOR 
OPTIONS 
The internal 
oscillator 
circuit 
has been designed to 


require 
a minimum 
of external 
components. 
The 
use of a 


crystal (AT cut. 4 MHz maxI or a resistor is sufficient to 


drive 
the 
illternal 
oscillator 
with 
varying 
degrees 
of 
stability. A manufacturing 
mask option is available to 


provide 
better 
matching 
between 
the 
external 


components 
and 
the 
internal 
oscillator. 


The different connection methods are shown in Figure 


13 
Crystal specifications 
are given 
in Figure 
14. A 


resistor 
selection 
graph 
is given 
in Figure 
15. 


Part 
Of 
MC6805P2 


MCU 


NOTE: 
0.47 pf : 


Approximately 


50 
Millisecond 
Delay 


27 
OF 


(Recommended) 
~ 


External 


Clock 
Input 


XTAl~~EXTAl 


4 
~ 
5 


AT - 
Cut 
Parallel 
Resonance 
Crystal 


Co:; 7 pF Max 


FREQ 
:; 4 0 MHz 
@ CL 
:; 24 
pF 


AS :; 50 ohms 
Max 


Approximately 
25% Accuracy 


TypIcal 
teye 
::; 1 25 ps 


External 
Jumper 


I 


VCC:; 5 V - 
\ 


TA=25°C 


'\ 
'" ~ 
.......... 


r-.... 


r--....- 


~ 30 


>-u~ 
OJ 
~20 


INTERRUPTS 
The MCU can be interrupted 
three different 
ways: 


through the external interrupt (INT)input pin, the internal 


timer 
interrupt 
request. 
and 
a 
software 
interrupt 
instruction 
(SWl). 
When 
any 
interrupt 
occurs, 
processing 
is suspended, the present MCU state is pushed onto the 
stack, the interrupt bit (I) in the condition code reijister is 
set, the address of the interrupt routine is obtained from 
the appropriate interrupt vector address,and the interrupt 


routine 
is 
executed. 
The 
interrupt 
service 
routines 
normally end with a return from interrupt (RTI)instruction 
which 
allows 
the MCU to resume processing of the 
program prior to the interrupt. Table 1 provides a listing of 
the interrupts, their priority, and the vector address that 
contain the starting address of the appropriate interrupt 


routine. 


A sinusodial signal (1 kHz maximum) can be used to 
generate an external interrupt (INTI as shown in Figure 
16. 


A flowchart 
of the interrupt 
processing sequence is 


given 
in Figure 
17. 


Interrupt 
Priority 
Vector 
Address 
~ 
1 
$7FEand $7FF 


SWI 
2 
$7FCand $7FD 


INT 
3 
$7FAand $7FB 


TImer 
4 
$7FBand $7F9 


INPUT /OUTPUT 
There 
are 
20 
input/output 
pms. 
All 
pins 
are 


programmable 
as either 
inputs 
or outputs 
under 
software 


control 
of the 
data 
direction 
registers. 
When 
programmed 
as outputs, 
all 
I/O 
pins 
read 
latched 
output 
data 
regardless of the logic level at the output pm due to output 
loading (see Figure 181.When port B is programmed for 
outputs, it is capable of sinking 10 milliamperes on each 
pin (one volt maximum). All input/output 
Itnes are TIL 
compatible as both inputs and outputs. Port A lines are 
CMOS compatible as outputs while port Band C lines are 
CMOS compatible as inputs 
Figure 19 provides some 


examples 
of port 
connections. 


2 to 4 VAC I 


Peak-Io-Peak 
1 pf 


(1 
kHz 
Max) 


I:P:t~2 
(1 kHz MaKl 
R 


01 pF 


-I 


7F 
- SP 
o 
. DDR's 


(LA 
INT logIc 


FF 
. Timer 


7 F 
. Prescaler 


7F 
. TeR 


Data 
Direction 
Output 
Input 


Register 
Data 
Output 
To 
Bit 
Bit 
State 
MCU 
1 
0 
0 
0 
1 
1 
, 
, 
0 
X 
3-Slate 
Pin 


BIT MANIPULATION 
The MCU has the ability to set or clear any single 
random 
access 
memory 
or input/output 
bit (except 
the 
data direction registers) with a single instruction (BSET. 
BCLR).Any bit in the page zero read only memory can be 
tested. using the BRSETand BRCLRinstructions. and the 
program branches as a result of its state. This capability to 
work with any bit in RAM. ROM or 1/0 allows the user to 
have Individual flags in RAM or to handle single I/O bits 
as control lines. The example in Figure 20 illustrates the 


usefulness 
of the 
bit manipulation 
and 
test 
instructions. 


Assume that bit 0 of port A is connected to a zero crossing 
detector circuit and that bit 1 of port A is connected to the 
trigger of a TRIACwhich powers the controlled hardware. 


This program. which uses only seven ROM locations. 


provides turn-on of the TRIACwithin 14 microseconds of 


the 
zero 
crossing. 
The 
timer 
could 
also 
be incorporated 
to 


Me 14049/ 
t4069 


CMOS 
Inverter 


(lYPlcall 


provide 
turn-on 
at 
some 
later 
time 
which 
would 
permit 
pulse-width modulation of the controlled power 
ADDRESSING 
MODES 
The MCU has ten addressing 
modes available for use by the programmer. They are 
explained 
and 
illustrated 
briefly 
in 
the 
following 
paragraphs. 


SELF 
1, 
BRClR 
O. PORTA. 
SELF 
1 


85ET 
1, PORTA 


!3ClR 
1 . PORTA 


IMMEDIATE 
- 
Refer 
to 
Figure 
21 
The 
Immediate 
addressmg 
mode 
accesses 
constants 
which 
do 
not 


change 
durmg 
program 
execution. 
Such 
instructIons 
are 


two 
bytes 
long 
The 
effective 
address 
(EA) 
IS the 
PC and 
the operand 
IS fetched 
from 
the byte following 
the opcode 


DIRECT 
- 
Refer 
to Figure 
22 
In direct 
addressing. 
the 


address 
of the 
operand 
1$ contamed 
In 
the second 
byte of 
the 
instruction. 
Direct 
addressing 
allows 
the 
uSer 
to 
directly 
address 
the lowest 
256 bytes 
In memory 
All RAM 


space. 
1/0 
registers 
and 
128 bytes 
of ROM 
are located 
In 


page 
zero 
to 
take 
advantage 
of 
thiS 
effiCient 
memory 
addressmg 
mode 


EXTENDED 
- 
Refer 
to 
Figure 
23 
Extended 
addressmg 
IS used 
10 reference 
any 
locatIOn 
In 
memory 


space 
The 
EA IS the 
contents 
of the 
two 
bytes 
following 
the 
opcode 
Extended 
addresslI1g 
instructions 
are three 
bytes 
long 


RELATIVE 
- 
Refer 
to 
Figure 
24 
The 
relative 
addressII1g 
mode 
applies 
only 
to the branch 
instructions 


In thiS mode 
the contents 
of the byte following 
the opcode 


1$ added to the program 
counter 
when 
the branch 
IS taken 
EA 
(PCI' 
2 • Rei 
Rei 
IS tile 
contents 
of the 
location 
followmg 
the InstructIon 
opcode 
with 
bit 7 bemg 
the sign 


bit 
If the branch 
IS not taken 
ReI = O. when 
a branch 
takes 


place. 
tilt' 
program 
goes to somewhere 
within 
the 
range 
uf 
+ 129 
bytes 
to 
-127 
of the 
present 
Instruction 
These 


Instructions 
are two 
bytes 
long 


INDEXED 
(NO 
OFFSET) 
- 
Refer 
to Figure 
25 
ThiS 


mode 
of 
addressing 
Rccesses 
the 
lowest 
256 
bytes 
of 
memory 
These 
InstruCtlons 
are one 
byte 
long 
and their 
EA IS the 
contents 
of the 
Index 
register 


INDEXED 
(8-BIT 
OFFSET) 
-- 
Refer 
to Figure 
26 
The 


EA 
IS 
calculBted 
by 
adding 
the 
contents 
of 
the 
hyte 


following 
the opcode 
to the contents 
of the Index 
register 


In thiS 
mode, 511 low 
memory 
locations 
are accessable 


These 
instructions 
occupy 
two 
bytes 


INDEXED 
(16-BIT 
OFFSET) 
- 
Refer 
to 
Figure 
27 
ThIS 
addressing 
mode 
calculates 
the 
EA 
by adding 
the 


contents 
of 
the 
two 
bytes 
following 
the 
opcode 
to 
the 


Index 
reYlster 
Thus. 
the 
entire 
memory 
space 
may 
be 


accessed 
Instructions 
which 
use thIS addressing 
mode 
are three 
bytes 
long 


BIT 
SET IClEAR 
- 
Refer 
to figure 
28 
ThiS 
mode 
of 
addressing 
applies 
to instructions 
which 
can set or clear 


any 
bit on page zero 
The 
lower 
three 
bits In the opcode 
specify 
the 
bit to b,- set or cleared 
while 
the byte follOWing 
the 
opcode 
speclfles 
the 
address 
In page 
zero 


BIT 
TEST 
AND 
BRANCH 
- 
Refer 
to Figure 
29 
ThiS 


mode of addreSSing 
applies 
10 InstrUCtlons 
which 
can test 
any 
bIt In the 
first 
256 
locations 
(SOO-SFFI 
and branch 
to 
any 
location 
relative 
10 the 
PC 
The 
byte 
to be tested 
IS 


addressed 
by 
the 
byte 
follOWing 
the 
opcode 
The 


individual 
bll Within 
that byte to be tested 
IS addressed 
by 


the 
lower 
three 
bits 
of the 
opcode 
The third 
byte 
IS the 


relallve 
address 
10 be added 
10 the program 
counter 
If the 


branch 
condition 
IS met 
These 
Instructions 
ore 
three 


bytes 
long 
The value 
of the 
bit 
tested 
IS wntten 
to the 
carry 
btl 
In the 
cond1tlon 
code 
register 


IN HER ENT 
- 
Refer 
to Figure 
30 
Tile 
Inherent 
mode 
of 
addreSSing 
hilS no EA 
All 
the 
information 
necessary 
to 
execute 
iln Instruction 
IS conlalned 
In the opcode 
Direct 
operations 
on the accumulator 
and the Index 
register 
are 


Included 
In tIllS 
mode 
of addreSSing 
In addition. 
control 
Instructions 
sud, 
as SWI 
RTI belong 
to thiS 
group 
All 
Inherent 
oddresslng 
InstruCllons 
are one 
byte 
long 
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INSTRUCTION 
SET 
The MCU has a set of 59 basic instructions. Theycan be 


divided 
into 
five 
different 
types: 
register/memory, 


read/modify/write, 
branch, 
bit 
manipulation, 
and 


control. The following paragraphs briefly explain each 


type. 
All 
the 
instructions 
within 
a 
given 
type 
are 


presented in individual tables. 


REGISTER/MEMORY 
INSTRUCTIONS 
- 
Most of 


these 
instructions 
use 
two 
operands 
One 
operand 
1$ 


either 
the 
accumulator 
or the 
index 
register 
The 
other 


operand 
is 
obtained 
from 
memory 
using 
one 
of 
the 
addressing modes. The Jump unconditional (JMP) and 
Jump to subroutine (JSR) instructions have no register 
operand. Refer to Table 2. 


READ/MODIFY 
/WRITE 
INSTRUCTIONS 
- 
These 
instructions read a memory location or a register, modify 
or test its contents, and write the modified value back to 
memory or to the register. The test for negative 
or zero 
(TST) instruction 
is an exception to the read/modify/ 


cc1_- 


write 
instructions 
since 
it 
does 
not 
perform 
the 
write. 


Refer to Table 3. 


BRANCH 
INSTRUCTIONS 
The 
branch 


instructions 
cause 
a branch 
from 
the 
program 
when 
a 
certain condition is met. Refer to Table 4 


BIT 
MANIPULATION 
INSTRUCTIONS 
- 
These 


Instructions 
are 
used on any 
bit in the first 
256 bytes of 
the memory One group either sets or clears The other 
group performs the bit test and branch operallons. Refer 
to Table 5 


CONTROL 
INSTRUCTIONS 
- 
The 
control 
instructions control the MCU operations dUring program 
execullon. Refer to Table 6 


ALPHABETICAL LISTING - The complete Instruction 
set is given In alphabetical order in Table 7 


OPCODE MAP - 
Table 8 is an opcode map for the 


Instructions 
used 
on the 
MCU. 


Addressing 
Modes 


Indexed 
Indexed 
Indexed 
Immediate 
Direct 
Extended 
(No 
Offset) 
(8·Blt 
Offsetl 
(16-Blt 
Offset) 


00 
• 
• 
00 
• 
• 
00 . 
• 
00 
• . 
00 . 
• 
00 
• 
• 


Function 
Mnemonic 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Load A from 
Memory 
LOA 
A6 
2 
2 
86 
2 
4 
C6 
3 
5 
F6 
1 
4 
E6 
2 
5 
06 
3 
6 


Load X from 
Memory 
LOX 
AE 
2 
2 
8E 
2 
4 
CE 
3 
5 
FE 
1 
4 
EE 
2 
5 
DE 
3 
6 


Store 
A In Memory 
STA 
87 
2 
5 
C7 
3 
6 
F7 
1 
5 
E7 
2 
6 
07 
3 
7 


Store 
X In Memory 
STX 
8F 
2 
5 
CF 
3 
6 
FF 
1 
5 
EF 
2 
6 
OF 
3 
7 


Add Memory 
to A 
ADD 
A8 
2 
2 
88 
2 
4 
C8 
3 
5 
F8 
1 
4 
E8 
2 
5 
08 
3 
6 


Add Memory 
and 


Carry 
to A 
AOC 
A9 
2 
2 
89 
2 
4 
C9 
3 
5 
F9 
1 
4 
E9 
2 
5 
09 
3 
6 


Subtract 
Memory 
SU8 
AD 
2 
2 
80 
2 
4 
CO 
3 
5 
FO 
1 
4 
EO 
2 
5 
DO 
J 
6 


Subtract 
Memory 
from 


A with 
Borrow 
S8C 
A2 
2 
2 
82 
2 
4 
C2 
3 
5 
F2 
1 
4 
E2 
2 
5 
02 
3 
6 


AND 
Memory 
to A 
AND 
A4 
2 
2 
84 
2 
4 
C4 
3 
5 
F4 
1 
4 
E4 
2 
5 
04 
3 
6 


OR Memory 
wIth 
A 
ORA 
AA 
2 
2 
8A 
2 
4 
CA 
3 
5 
FA 
1 
4 
EA 
2 
5 
OA 
3 
6 


ExcluSive 
OR Memory 


with 
A 
EOR 
A8 
2 
2 
88 
2 
4 
C8 
3 
5 
F8 
1 
4 
E8 
2 
5 
08 
3 
6 


ArIthmetic 
Compare 
A 


with 
Memory 
CMo 
Al 
2 
2 
81 
2 
4 
Cl 
3 
5 
Fl 
1 
4 
F1 
2 
5 
01 
3 
6 


Arllhmellc 
Compare 
X 


with 
Memory 
CoX 
A3 
2 
2 
83 
2 
4 
C3 
3 
5 
F3 
1 
4 
E3 
2 
5 
03 
3 
6 


BII Test Memory 
wllh 


A (LogIcal 
Comparel 
81T 
AS 
2 
2 
85 
2 
4 
C5 
3 
5 
F5 
1 
4 
E5 
2 
5 
05 
3 
6 


Jump 
Uncondlflonal 
JMo 
8C 
2 
3 
CC 
3 
4 
FC 
1 
J 
EC 
2 
4 
DC 
3 
5 


Jump 
to Subroutine 
JSR 
80 
2 
7 
CD 
3 
8 
FD 
1 
7 
ED 
2 
8 
DO 
3 
9 


Addressing 
Modes 


Indexed 
Indexed 


Inherent 
(AI 
Inherent 
(X) 
Direct 
(No 
Offset) 
(8 
Bit 
Offsetl 


00 
• 
• 
00 
• 
• 
00 
• 
• 
00 
• 
• 
00 
• . 


Function 
Mnemonic 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Increment 
INC 
4C 
1 
4 
5C 
1 
4 
3C 
2 
6 
7C 
1 
6 
6C 
2 
7 


Decrement 
OEC 
4A 
1 
4 
5A 
1 
4 
3A 
2 
6 
7A 
1 
6 
6A 
2 
7 


Clear 
CLR 
4F 
1 
4 
5F 
1 
4 
3' 
2 
6 
7F 
1 
6 
6F 
2 
7 


Complement 
COM 
43 
1 
4 
53 
1 
4 
33 
2 
6 
73 
1 
6 
63 
2 
7 


Negate 


(2's 
Complement) 
NEG 
40 
1 
4 
50 
1 
4 
30 
2 
6 
70 
1 
6 
60 
2 
7 


Rotate 
Left Thru 
Carry 
ROL 
49 
1 
4 
59 
1 
4 
39 
2 
6 
79 
1 
6 
69 
2 
7 


Rotate Right Thru Carr V 
ROR 
46 
1 
4 
56 
1 
4 
36 
2 
6 
76 
1 
6 
66 
2 
7 


Logical 
Shift 
left 
LSL 
48 
1 
4 
58 
1 
4 
38 
2 
6 
78 
1 
6 
68 
2 
7 


Logical 
Shift 
Right 
LSR 
44 
1 
4 
54 
1 
4 
34 
2 
6 
74 
1 
6 
64 
2 
7 


ArithmetiC 
ShIh 
RIght 
ASR 
47 
1 
4 
57 
1 
4 
37 
2 
6 
77 
1 
6 
67 
2 
7 


Test for Negative 


or Zero 
TST 
40 
1 
4 
50 
1 
4 
3D 
2 
6 
70 
1 
6 
60 
2 
7 


Relative 
Addressing 
Mode 


Op 
# 
# 


Function 
Mnemonic 
Code 
Bytes 
Cycles 


Branch Always 
BRA 
20 
2 
4 


Branch Never 
BRN 
2' 
2 
4 


Branch IFF Higher 
BHI 
22 
2 
4 


BranchlFFLower 
or Same 
BLS 
23 
2 
4 


Branch IFFCarry Clear 
BCC 
24 
2 
4 


(BranchlFFHlgher or Same) 
IBHS) 
24 
2 
4 


Branch IFFCarry Set 
BCS 
25 
2 
4 


(Branch IFF Lower) 
(BLOI 
25 
2 
4 


Branch IFF Not Equal 
BNE 
26 
2 
4 


Branch IFF Equal 
BEG 
27 
2 
4 


Branch IFF Half Carry Clear 
BHCC 
28 
2 
4 


Branch IFF Half Carry Set 
BHCS 
29 
2 
4 


BranchlFF Plus 
BPL 
2A 
2 
4 


BranchlFF Minus 
BMI 
2B 
2 
4 


Branch IFF Interupt 
Mask 
Bit IS Clear 
BMC 
2C 
2 
4 


Branch IFF Interrupt 
Mask 


BII IS Set 
BMS 
2D 
2 
4 


Branch IFF Interrupt 
Line 


IS Low 
BIL 
2E 
2 
4 


Branch IFF Inlerrupt 
Line 
IS HIgh 
B1H 
2F 
2 
4 


Branch 10 Subruutlne 
BSR 
AD 
2 
8 


Addressing 
Modes 


Bit Set/Clear 
Bit Test and Branch 


Op 
# 
# 
Op 
# 
# 


Function 
Mnemonic 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch IFF 811 n IS set 
BRSET 
n (n ~ 0 
71 
- 
- 
2 . n 
3 
'0 


8ranch 
IFF 811 n IS clear 
BRCLR 
n In' 
0 
7\ 
- 
- 
0' 
+ 2 . n 
3 
10 


Set BIt n 
BSET n In 
0 
71 
10 
I 2 . n 
2 
7 
- 
- 
- 


Clear bl' n 
BCLR n (n - 0 
71 


" 


• 2 
n 
2 
7 
- 
- 
- 


Inherent 
Op 
# 
# 


Function 
Mnemonic 
Code 
Bytes 
Cycles 


Transfer A to X 
TAX 
97 
, 
2 


Transfer 
X to A 
TXA 
9F 
, 
2 


Set Carry BIt 
SEC 
99 
, 
2 


Clear Carry BII 
CLC 
9B 
\ 
2 


Set Inlerrupt 
Mask BIt 
SEI 
9B 
1 
2 


Clear Interrupt 
Mask BIt 
CLI 
9A 
, 
2 


Soflware 
Interrupt 
SWI 
83 
, 
11 


Return from Subroutine 
RTS 
81 
1 
6 


Return from Interrupt 
RTI 
80 
, 
9 


Reset Stack POInter 
RSP 
9C 
1 
2 


NoOperaltOn 
NOP 
9D 
1 
2 


Addressing 
Modes 
Condition 
Code 


Bit 
Bit 
Indexed 
Indexed 
Indexed 
Setl 
Test 
& 


Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
(No 
Offsetl 
(B Bitsl 
(16 
Bitsl 
Clear 
Branch 
H 
I 
N 
Z 
C 


ADC 
X 
X 
X 
X 
X 
X 
A • A 
A 
A 


ADD 
X 
X 
X 
X 
X 
X 
A • A 
A 
A 


AND 
X 
X 
X 
X 
X 
X 
• • A 
A • 
ASL 
X 
X 
X 
X 
• • A 
A 
A 


ASR 
X 
X 
·X 
X 
• • A 
A 
A 


BCC 
X 
• • • • • 
BCLR 
X 
• • • • • 
BCS 
X 
• • • • • 
BEO 
X 
• • • • • 
BHCC 
X 
• • • • • 
BHCS 
X 
• • • • • 
BHI 
X 
• • • • • 
BHS 
X 
• • • • • 
BIH 
X 
• • • • • 
BIL 
X 
• • • • • 
BIT 
X 
X 
X 
X 
X 
X 
• • A 
A • 
BLO 
X 
• • • • • 
BLS 
X 
• • • • • 
BMC 
X 
• • • • • 
BMI 
• • • • • 
BMS 
• • • • • 
BNE 
• • • • • 
BPL 
• • • • • 
BRA 
• • • • • 
BRN 
• • • • • 
BRCLR 
X 
• • • • 
A 


BRSET 
X 
• • • • 
A 


BSET 
X 
• • • • • 
BSR 
X 
• • • • • 
CLC 
X 
• • • • 
0 


CLI 
X 
• 0 • • • 
CLR 
X 
X 
X 
X 
• • 0 , • 
CMP 
X 
X 
X 
X 
X 
X 
• • A 
A 
A 


COM 
X 
X 
X 
X 
• • A 
A , 


CPX 
X 
X 
X 
X 
X 
X 
• • A 
A 
A 


DEC 
X 
X 
X 
X 
• • A 
A • 
EOR 
X 
X 
X 
X 
X 
X 
• • A 
A • 
INC 
X 
X 
X 
X 
• • A 
A • 
JMP 
X 
X 
X 
X 
X 
• • • • • 
JSR 
X 
X 
X 
X 
X 
• • • • • 
LOA 
X 
X 
X 
X 
X 
X 
• • A 
A • 
LOX 
X 
X 
X 
X 
X 
X 
• • A 
A • 
LSL 
X 
X 
X 
X 
• • A 
A 
A 


LSR 
X 
X 
X 
X 
• • 0 
A 
A 


NEO 
X 
X 
X 
X 
• • 
A 
A 
A 


NOP 
X 
• • • • • 
ORA 
X 
X 
X 
X 
X 
X 
• • A 
A • 
ROL 
X 
X 
X 
X 
• • A 
A 
A 


RSP 
X 
• • • • • 
Condition 
Code Symbols 


H 
Half Larry 
(From 
Bit 3) 
I 
Interrupt 
Mask 
N 
NegallVI' ISI~n Bill 
Z 
Zero 


Carry 
Borrow 
Test and Set 
If True, Cleared 
OtherwIse 


No! AffeclPc1 


Addressing 
Modes 
Condition 
Code 


Bit 
Bit 
Indexed 
Indexed 
Indexed 
Set/ 
Test 
& 


Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
(No 
Offset) 
(B Bits) 
(16 
Bits) 
Clear 
Branch 
H 
I 
N 
Z 
C 


RTI 
X 
, , , , , 


RTS 
X 
• • • • • 
SBC 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ 
1\ 


SEC 
X 
• • • • 
1 


SEI 
X 
• , • • • 
STA 
X 
X 
X 
X 
X 
• • 1\ 
1\ • 
STX 
X 
X 
X 
X 
X 
• • 1\ 
1\ • 


SUB 
X 
X 
X 
X 
X 
X 
• • 1\ 
I·. 
1\ 


SWI 
X 
• , • • • 
TAX 
X 
• • • • • 
TST 
X 
X 
X 
X 
• • 1\ 
1\ • 
TXA 
X 
• • • • • 


Condition 
Code Symbols 


H 
Half 
Carry 
(From 
B,t 31 


I 
Interrupt 
Mask 
N 
NegatIve 
(SIgn BIt) 


Z 
Zero 


C 
Carry/Borrow 


A 
Test and Set If True. Cleared OtherwIse 


• 
No! Affectec1 


7 
Load CC Reg.stpr From Stack 


Bit Manipulation 
Brnch 
Read / Modify /Write 
Control 
Register /Memory 


Test 
& 
Set/ 


DIR I 
I 
X 
l.x1 
I.xo 
D'RI 
EXTT.X2 
T.X1 
T 
.XO 
Branch 
Clear 
Rei 
A 
INH 
INH 
IMM 
0 
1 
2 
3 
I 
4 
I 
5 
161 
7 
B 
9 
A 
B 
I 
c I 
DIE 
I 
F 


__ 
H 


BRSETO 
BSETO 
BRA 
NEO 
RTI' 
- 
SUB 
0 


1 
BRCLRO 
BCLRO 
BRN 
- 
RTS' 
- 
CMP 
1 


2 
BRSETl 
BSETl 
BHI 
- 
- 
- 
SBC 
2 


3 
BRCLRl 
BCLRl 
BLS 
COM 
SWI' 
- 
CMPX/CPX 
3 


4 
BRSET2 
BSET2 
BCC 
LSR 
- 
- 
AND 
4 


5 
BRCLR2 
BCLR2 
BCS 
- 
- 
- 
BIT 
5 


6 
BRSET3 
BSET3 
BNE 
ROR 
- 
- 
LDi\ 
6 


7 
BRCLR3 
BCLR3 
BEO 
ASR 
- 
TAX 
-I 
STA (+1) 
7 


B 
BRSET4 
BSET4 
BHCC 
LSL/ASL 
- 
CLC 
EOR 
B 
9 
BRCLR4 
BCLR4 
BHCS 
ROL 
- 
SEC 
ADC 
9 


A 
BRSET5 
BSET5 
BPL 
DEC 
- 
CLI 
ORA 
A 


B 
BRCLR5 
BCLR5 
BMI 
- 
- 
SEI 
ADD 
B 


C 
BRSET6 
BSET6 
BMC 
INC 
~ 
RSP 
- 
JMP 
(~1) 
C 


0 
BRCLR6 
BCLR6 
BMS 
TST 
- 
NOP 
BSW I 
JSR (+3) 
0 


E 
BRSET7 
BSET7 
BIL 
- 
- 
- 
LOX 
E 


F 
BRCLR7 
BCLR7 
BIH 
CLR 
- 
TXA 
- 
STX (+1) 
F 


3/10 
2/7 
f 
2/4 
2/6 I 114 I 114 I 217 I 1/6 
lr 
1/2 
212 
1214 
I 3/5 I 3/6 
I 215 
I 1/4 


Notes 


Undefined 
opcodes are marked with 


The numbers 
at the bottom of each column 
denote the number 
of bytes and the number 
of cycles required 
(Bytes/Cycles) 


MnemOniCs 
followed 
by a " •.. require 
a dlfferenl 
number 
of cycles as follows 


RTI 
9 
RTS 
6 
SWill 
BSR 
8 
) indicate 
that the number 
In parenlhesls 
must be added 10 the cycle count for that Instruction 


ORDERING 
INFORMATION 
The following 
information 
is required when ordering a 
custom 
MCU. This information 
may be transmitted 
to 
Motorola in any of the following 
media: 


PROM(s) 
Assembler formatted object tape 
Punched card deck 
Paper tape of card deck format 
MOOS disk file 


To initiate a ROM pattern for the MCU it is necessary to 
first 
contact your local field service office, local sales 
person or your local Motorola representative. 


PROMS - 
The MCM2708 or MCM2716 type PROMs. 


programmed 
with the customer program (positive logic 
sense for address and datal, may be submitted for pattern 
generation. 
The 
PROMs must 
be clearly 
marked 
to 
indicate 
which 
PROM corresponds 
to which 
address 


space (OOO-3FFHEX). See Figure 31 for recommended 
marking procedure 


After the PROM(sl are marked they should be placed in 


conductive IC carriers and securely packed. Do not use 
styrofoam. 


ASSEMBLER 
FORMATIED 
OBJECT 
TAPE 
- 


Cassette tapes produced on a Stlent 700 terminal 
and 
EXORciser are acceptable. 


PUNCHED CARD DECK - 
The custom MCU may be 
specified for manufacture 
in the form of standard 80- 
column punched cards. 


The card deck for specifying the custom MCU has the 
following 
format: 


OPTION CARD 
COMMENT CARDS 
X CARDS 
C CARDS 


Option 
Card - 
The first card in the deck must be the 
OPTION CARD. The format is as follows: 


Column 1-20: 
Customer name. Any 20 characters 
may be used. 


Column 25-29: 
This is a 5-digit number assigned by 
Motorola. 
Leave this field blank. It 
will be punched at Motorola unless 
otherwise 
notified. 


Address field base on output listing. 
The characters HEX or DEC specify 
the output 
listing 
address base as 
hexadecimal or decimal, respectively. 
If omitted, DEC is assumed. 


Column 41-43: 
Data field base on output listing. The 
characters 
HEX or DEC specify the 


output 
listing 
ROM data base as 


hexadecimal or decimal, respectively. 
If omitted, DEC is assumed. 


COMMENT 
CARDS - 
Comment Cards must have an 


asterisk (0) in column 1. The remaining 79 columns may 
contain any letter. number, or character. 


X Cards - 
Five X cards are possible. All X cards have an 


X in column 
1 and one or three or more words, each 


separated by one blank space. 


The possibilities are: 


1) X SEQUENCE 
2) X BASE DEC DEC 
3) X BASE DEC HEX 
4) X BASE HEX DEC 
5) X BASE HEX HEX 
Card 1 specifies that there are sequence numbers on 
each data card that follows. The sequence numbers must 
be in columns 77-79 of the data cards (C Cards) and must 
be in decimal, right justified. The numbers must start with 
1 (one) and must be in order. The X SEQUENCECard may 
appear anywhere within the deck after the Option Card. If 
it 
appears within 
the 
data card section, 
data cards 
encountered 
before the X SEQUENCE Card will not be 
checked for sequence numbers. All following 
cards will 


be checked. If no X SEQUENCECard is used, no sequence 
numbers will be checked. 


It ISinitially assumed that the address and byte count as 


well as the data specified on the Ccards Will be in decimal. 
An X BASE card can be used to override thiS specification. 
The second word 
on the card (that following 
BASE) 
specifies the base (either DECor HEX)of the address and 
byte count on all following Ccards The last word specifies 
the base of the data fields on the C cards An X BASE card 
may appear anywhere 
within 
the deck follOWing the 


OPTION card. It may be overridden by another X BASE 
card. All data cards (C cards) following 
an X BASE card 


will be Interpreted as per that X BASE card unless another 
X BASE card ISencountered 
If no X BASE cards are used, 


it ISassumed that all fields on the C cards are in decimal. 


NOTE: 
Once an X SEQUENCE card is encountered, 
all 
succeSSive cards will 
be checked for the proper 
sequence number: and, unlike X BASE cards, thiS 
option cannot thereafter 
be altered ::'y another X 


SE~UENCE card. 


C Cards - 
These cards contain the actual ROM data 


All fields are right-Justified 


Column 1 
Column 2-9: 
Column 10-12 
Column 14-16' 
Column 17-19' 


C (the letter C) 
ADD 
BYTE 
DATA 1 
DATA 2 


ADD is the address of the first byte of data (DATA 1) 
contained on that card. Byte ,s the number of bytes of data 
to be read from that card BYTEmust be greAter than zero 


and less than 23 (1-22)lf 
no sequence numbers are used. 


and less than 22 (1-21),f sequence numbers are used If. 
for example. there are ten data fields punched on the card. 
by BYTE = 2, only the first two will be read Also. if there 
are two punched data fields, for example, and BYTE = 6. 
SIXROM locations will be filled from that card The four 
unspecified f,eldswllI 
be decoded as zero ADD and BYTE 
are always m the same base (HEX or DECIMAL) DATA 1 
through DATA N ISthe data to be placed m the ROM ilt 
address ADD through ADD + (N-ll. 
respectively 
Any ROM address not filled as a result of reading dala 
from a Ccard will be filled with zero If a particular location 
has already been specified by a C card, but a successive C 
card also has the data which 
IS to be placed m that 
locallon. the second C earn will override the first 


PAPER TAPE OF CARD DECK FORMAT - 
Punched 
Paper tape (ASCII) In the same format as cards can also be 
accepted 
However, your order will be processed faster If 
the data IS m card format 
After the tape leader there 
should 
be a CR LF Data records should be a full 80 
columns. each termmated by a CR LF FollOWing the lasl 
Data record. there should be one more record with the 
first three characters being EOF. followed by 77 blanks 
and a CR LF 
CR = Carnage Return 
LF = Lme Feed 


OPTION LIST 


Select 
the 
options 
for your 
MCU 
from 
the 
followmg 
list 


A 
m.::tnufacturlng 
Illask 
will 
be 
gt'nerated 
from 
thiS 


Information 


o ROM Mask 


Timer Clock Source 
o Internal ",2 clock 
o TIMER Input pin (7) 


Timer Prescaler 


o 2° (divide by 1) 
o 2' (divide by 2) 
o 2' (divide by 4) 
o 23 (divide by 8) 


Internal Oscillator Input 


o Crystal 
o Resistor 


Low Voltage Inhibit 


o Disable 
o Enable 


o 2' (divide by 16) 
o 2' (divide by 32) 
o 2' (divide by 64) 
o 2' (divide by 128) 


Customer 
Name 
_ 


Address 


City 
Phone ( 
) 


Contact Ms/Mr 


Customer 
Part Number 


_________________ 
State 


Extension 


2708 
PROM 


2716 PROM 


Paper Object Tape 


Silent 
700 Cassette 


Card Deck 


Tape of Card Deck 


MDOS Disk File 


(Note 2) 


Signature 
_ 


Title 


M6805 
Family 
System Configuration 
And 
Programming 
Features 
MC6805P2 
MC146805E2 
MC6805R2 
MC146805G2 


Technology 
NMOS 
CMOS 
NMOS 
CMOS 


Number of PinS 
28 
40 
40 
40 


On 
Ch,p 
RAM 
(by.es) 
64 
112 
64 
112 


On 
Ch,p 
User 
ROM 
(by.es) 
11k 
None 
2k 
2~\\(,V 


ExpanSIOn 
Bus 
None 
Yes 
None 
..~ 


Bidirectional 
I 0 Lines 
20 
16 
32 
...•~~~ 
32 


I 0 Options 
None 
None 
lAID 
CortPMter 
None 


Software 
Compallbliity 
Similar 
to M6800 
Similar 
M6800 


True Bit Manipulation 
Yes 
Yes 
Yes 
I 
Yes 


InstructIOns 
59 
I 
61 
I 
59 
I 
61 


Ten Addressing 
Modes 
Yes 
Yes 
Yes 
I 
Yes 


~-[LO] 


A 
I 


L SUFFIX 


CERAMIC 
PACKAGE 
CASE 
71903 


NOTES 
I 
LEADS 
TRUE 
POSITIONED 
WITHIN 
o 2!l mm 100101 
DIAMETER 
fAT 


SEATING 
PLANE 
I AT 
MAXIMUM 
MATERIAL 
CONDITION 
2 
DIMENSION 
"l" 
TO CENTER 
OF 


LEADS WHEN FORMED PARALLEL 


MILLIMETERS 


DIM 
MIN 
MAX 
A 
JS 20 
3592 


I 
1494 
lSJ4 


C 
3DS 
419 


o 
031 
O!J 


F 
076 
140 


G 
2S4 ase 


H 
D76 
178 
J 
020 
0.30 
k 
2S4 
419 


l 
1499 
1S49 


M 
'0' 


N 
102 
1,52 


INCHES 


MIN 
MAX 
1386 
14'. 
05880604 
0120 
Ql6S 
00150021 
00300055 
01008SC 
00300010 
0.008 
DOll 


0100 
0165 


05900610 
'0' 
00400060 


[::::::::J 


I 
A 
I 


~:N 


NOTES 


1 DIM r AJ 
IS DATUM 


2 POSITIONAL TOl FOR lEADS 
It....DU]510 
01~ 


3 m IS SEATING PLANE 
4 
DIM A AND 8 INClUDES MENISCUS 
5 
DIM 
l 
10CENTEROFLEAOS 


WHEN FORMED PARAllEL 
6 
DIMENSIONING AND TDlERANCING 
PER ANSI Vl4 S. '973 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
710·02 


NOTES 


1. 
POSITIONAL 
TOLERANCE 
ilF 
LEADS 
(DI. 
SHAll 
BE WITHIN 0.2Smm(O.0101 
AT 


MAXIMUM 
MATERIAL 
CONDITION, 
IN 
RelATION 
TO SUTING 
PLANE 
ANa 


EACH 
OTHER. 


2. 
DIMENSION 
l 
TO 
CEHTER 
OF 
LEADS 
WHEN 
FORMEO 
PARAllel. 


3. 
DIMENSION 
B ODES 
NOT 
INCLUDE 


MOLD 
FLASH 
.• 


. 
C SUFFIX 


B 
CERDIP 
PACKAGE 


CASE 
733 
02 


, 


--l-- 
C 


~TT,t 
\ 
• 
J -- 
__ 
M 


MilliMETERS 
INCHES 


O,M 
M'N 
M., 
M,N 
M., 


A 
3645 
3185 
14]5 
1490 


• 
1210 
ISH 
0500 
0605 


C 
••• 
'94 
0'" 
0230 


0 
038 ", 
0015 
0022 


f 
'27 '" 
00511 
006' 


G 
]~8SC 
01008SC 


J 
010 
030 
0008 
DOl] 
, '" 
'06 
0100 
0160 


l 
IS148SC 
o 600 8se 


M 
,0 
15° 
,0 
15° 


• '" 
'" 
0020 
00511 


MilLIMETERS 


Dill 
IIIN 
.AI 
A 
.4 
31.21 


• 
1312 
1422 
3.94 
D 
036 
0.56 


F 
1,02 
1.5 
G 
2.54 sse 


H 
1. 5 
.1 


J 
0.20 
0.38 


It 
2.91 
3.43 
lS.248SC 


II 
00 
IS° 


• 
OSI 
1.02 


INCHES 


M.. 
MAX 


1.4351'6 
OS40 
0560 
0.155 
0200 


0.014 
0.022 
0.040 
0060 


0.1008 


0065 
0.085 


ooos 
. 15 


0.1150.135 
0.600 
sse 


(fJ 
15° 


0020 
0.040 


The 
MC6805R2 
Microcomputer 
Unit 
IMCUI 
is a member 
of 
the 
M6805 Family of Microcomputers. 
This 8-bit microcomputer 
contains a 
CPU, on-chip clock, ROM, RAM, 1/0,4 
channel 8-bit AID, 
and timer. 


It is designed for the user who 
needs an economical 
microcomputer 
with the proven capabilities of the M68(X)-based instruction 
set. A com- 
parison of the key features of the M6805 Family of Microcomputers 
is 
shown in the table on the last page of this data sheet. The following 
are 
some of the hardware and software highlights of the MCU. Some of the 
hardware options are mask programmable. 


Hardware Features: 


• 
8- Bit Architecture 


• 
64 Bytes of RAM 


'. 
Memory Mapped 1/0 


• 
2048 Bytes of User ROM 


• 
Internal B-Bit Timer with 7-Bit Prescaler 


• 
4 Vectored Interrupts; 
Timer, Software 
and Two External 


• 
24 TTLICMOS 
Compatible 
1/0 
Lines with 8 of these LED 
Compatible 


• 
8 Input Lines 


• 
AID 
Converter 
8-Blt Conversion 
4 Multiplexed 
Analog Inputs 
± 1/2 
LSB Quantizing 
Error 
± 1/2 
LSB All Other Errors 
± 1 LSB Total Error Imaxl 


Ratiometnc 
Conversion 


• 
Zero-Crossing 
Detection 


• 
On-Chip Clock Generator 


• 
Self-Check Mode 


• 
Master Reset 


• 
Low Voltage Inhibit 


• 
Complete Development 
System Support on EXORciser 


• 
5 Vdc Single Supply 


Software 
Features: 


• 
Similar to M68(X) 


• 
Byte Efficient 
Instruction 
Set 


• 
Easy to Program 


• 
True Bit Manipulation 


• 
Bit Test and Branch Instructions 


• 
Versatile Interrupt 
Handling 


• 
Versatile Index Register 
• 
Powerful 
Indexed Addressing for Tables 


• 
Full Set of Conditional 
Branches 


• 
Memory Usable as Registersl Flags 


• 
Single Instruction 
Memory ExaminelChange 


• 
10 Powerful Addressing 
Modes 


• 
All AddreSSing Modes Apply to ROM, RAM, and 1/0 


• 
User Callable Self-Check Subroutines 


(HIGH 
DENSITY 


N-CHANNEL, 
SILICON-GATE 
DEPLETION 
LOADI 


8-BIT 
MICROCOMPUTER 
WITH AID 


~ 


- 


L SUFFIX 
CERAMIC PACKAGE 
CASE 715 


~ 
PSUFFIX 
~~·::::'n. 


• 
. . . . 
PLASTIC PACKAGE 


I . . 
CASE 711 


S SUFFIX 
CERDIP PACKAGE ALSO 
AVAILABLE - 
CASE 734 


PA7 


PA6 


PA5 


VCC 
PA4 


EXTAL 
PA3 


PA2 


32 
PB7 


3' 
PB6 I 


30 
PB5 


29 
PB4 


28 
PB3 


PC5 
27 
PB2 


PC6 
'5 
26 
PB1 


PC7 
16 
25 
PBO 


P07 
17 
AN024 
POD 


P06 
18 iNTI 
AN'23 
POl 


P05 
'0 VRH 
AN222 
PD2 


P04 
20VRL 
AN321 
P03 


ADI-B45 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
VCC 
-0.3 
to + 7.0 
Vdc 


Input 
Voltage 
Vin 
-0.3 
to + 7.0 
Vdc 


Operating 
Temperature 
Range 
TA 
o to 70 
°c 


Storage 
Temperature 
Range 
Tstg 
-55to 
+150 
°c 


Junction 
Temperature 
Plastic 
Package 
TJ 


150 
°c 
Ceramic 
Package 
175 
Cerdip 
175 


Thermal 
Resistance 
Plastic 
Package 
4>JA 
100 
°C/W 
Ceramic 
Package 
50 
Cerdip 
60 


Stresses above those 
listed 
under 
"Maximum 


Ratings" 
may cause permanent 
damage 
to the 


device. 
This is a stress rating 
only and functional 
operation 
of the device at these or any other con· 


ditions 
above 
those indicated 
in the operational 


sections 
of this specification 
is not 
implied. 
Ex· 


posure 
to absolute 
maximum 
rating 
conditions 


for extended 
penods may affect device reliability. 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
High Voltage 
REm 


VIH 
4.0 
- 


INT 
40 
2.2' 
VCC 
Vdc 


All Other 
+2.0 
- 


Input 
High Voltage 
Timer 


Timer 
Mode 
VIH 
+2.0 
- 
VCC 
Vdc 


Self-Check 
Mud. 
- 
g.O 
15.0 


Input 
Low Voltage 
REm 
VIL 


-0.3 
- 
0.8 
Vdc 
INT 
-0.3 
20' 
+ 1.5 


All Other 
IExcept 
AID 
Inputs) 
-0.3 
- 
+0.8 


INT Zero 
- 
Cross Input 
Voltage 
- 
Through 
Capacitor 
VINT 
2 
- 
4 
VacPP 


Power 
Dissipation 
- 
No Port Loading 
VCC=5.25 
V, TJ=O°C 
Po 
- 
600 
- 
mW 


Input 
Capacitance 
EXTAL 
Gin 
- 
25 
- 
pF 
All Other 
(AID 
Converter 
Characteristics) 
- 
10 
- 


Low Voltage 
Recover 
LVR 
- 
- 
4.75 
Vdc 


Low 
Voltage 
Inhibit 
LVI 
- 
3.5 
- 
Vdc 


'CC= 
+ 
± 
c, 
SS= 
A= 
- 
ness 
t erwlse 
ot 


Characteristic 
Min 
Typ 
Max 
Unit 
Comments 


Resolution 
8 
8 
8 
Bits 


Non-Linearity 
- 
- 
± 1/2 
LSB 


Quantizing 
Error 
- 
- 
± 1/2 
LSB 


Conversion 
Range 
VRL 
- 
VRH 
V 


VRH 
4 
- 
5 
V 
AID 
Accuracy 
may decrease 
proportionately 
as 


VRL 
0.0 
- 
0.2 
V 
VRH is reduced 
below 4.0 V. The sum of VRH 
and 


VRL must 
not exceed 5.0 V. 


Conver~on 
Time 
30 
30 
30 
leyc 
Includes 
Sampling 
Time 


Monotonicity 
Inherent 


Zero Input 
Reading 
00 
00 
01 
hexadecimal 
Vin=O 


Ratiometric 
Reading 
FF 
FF 
FF 
hexadecimal 
Vin- 
VRH 
I--Sample 
Time 
5 
5 
5 
leyc 


SampielHold 
Capacitance, 
Input 
25 
pF 


Analog 
Input 
Voltage 
VRL 
- 
VRH 
V 
Neg. 
transients 
not allowed 
at 


any time during 
conversion 


IV~~= 
+5.25 
V 
±0.5 
Vdc, 
VsS=GND, 
TA = 0°-70°C 
Unless Otherwise 
Notedl 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
lose 
0.4 
- 
4.2 
MHz 


Cycle Time 
14/fosel 
levc 
0.95 
- 
10 
1'5 


iN'f Pulse Width 
tIWL,tIWH 
tcvc + 250 
- 
- 
ns 
RESET 
Pulse Width 
tRWL 
levc+ 
250 
- 
- 
ns 


Delay Time 
Reset (Extamal 
Cap= 
1 I'F lIor 
± 5° Accuracy) 
tRHL 
- 
100 
- 
ms 


ilrr lao 
Cross Detect 
Input 
Frequency 
liNT 
0.03 
- 
I 
kHz 


Fxternal 
CInd< 
Innut 
DUN Cvde 
(Pin 51 
- 
40 
50 
60 
% 


Characteristic 
I 
Symbol 
Min 
I 
Typ 
Max 
I 
Unit 
Port A 


Output Low Voltage Iload~ 1.6 mAde 
VOL 
- 
- 
0.4 
Vde 


Output High Voltage Iload: - 100~Ade 
VOH 
2.4 
- 
- 
Vde 
Output High Voltage Iload: - 10~Ade 
VOH 
VCC- 1 
- 
- 
Vde 


Input High Voltage 'load: 
- 300~Ade Imaxl 
VIH 
+2.0 
- 
VCC 
Vde 


Input Low Voltage Iload~ - 500~Ade Imaxl 
VIL 
-0.3 
- 
+0.8 
Vde 
Off-State Input Current, Input 0.8 V 
IIH 
- 
- 
-300 
~Ade 


Off-State Input Current, Input 0.2 V 
IlL 
- 
- 
-500 
~Ade 


Port B 


Output Low Voltage Iload: 3.2 mAde 
VOL 
- 
- 
0.4 
Vde 


Output Low Voltage Iload~ 10 mAde (slnkl 
VOL 
- 
- 
1.0 
Vde 


Output High Voltage (load~ - 200~Ade 
VOH 
2.4 
- 
- 
Vde 


Darlington 
Current Drive (Source) 
Vo= 1.5 Vdc 
IOH 
-1.0 
- 
-10 
mAde 


Input High Voltage 
VIH 
+2.0 
- 
VCC 
Vde 


Input Low Voltage 
VIL 
-0.3 
- 
+0.8 
Vde 


Off·State 
Input Current 
ITSI 
- 
2 
50 
~Ade 


Port C 
Output Low Voltage Iload: 1.6 mAde 
VOL 
- 
- 
0.4 
Vde 


Output High Voltage Iload: - 100~Adc 
VOH 
2.4 
- 
- 
Vde 


Input High Voltage 
VIH 
+2.0 
- 
VCC 
Vde 


Input Low Voltage 
VIL 
-0.3 
- 
+0.8 
Vde 


Off·$tate 
Input Current 
ITSI 
- 
2 
50 
~Ade 


Port 0 (Input Onlyl 
Input High Voltage 
VIH 
+2.0 
- 
VCC 
Vde 


Input Low Voltage 
VIL 
VAL 
- 
+0.8 
Vde 


Input Current 
Timer at Vin: 10.4to 2.4 Vdcl 
lin 
- 
- 
I 
20 
~Ade 


The average chip junction 
temperature, 
TJ, in °c can be obtained from 


TJ = TA + [I Po + PIOl06JAl 
11I 
Where 
TA = ambient temperature, 
°c, 
6JA = package thermal resistance, 
DC/walt, 


PIO = output 
port power dissipation. 
walts, 


= I;IVCC - VOHlqlOHiI 
+ I;IVOL)(lOL' 
+ I;IVCC - VILHlllLiI 
+ I;IVCC - VIHlqllHiI 


Po = chip internal power dissipation, 
walts. 


An Ipproximate 
relationship 
between Po and TJ is 


Po = KIT J + 2731- 0.96 
(2) 


where K is a constant pertaining to the particular part, which may be determined from measurement of Po immediately alter turn- 
on li.e .• TJ = TAL Using this value of K. then. for any TA. PIO. and 6JA. the values of Po and TJ may be obtained for a particular 
part by an iterative procedure using these two equations. 
For example. assume that6JA 
= f1JoC/W. 
maximum PIO = 100 mW. and 
Po is measured for the part to be 400 mW at turn-on at room temperature 125°CI. To determine the TJ at a TA = 40°C. the follow- 
ing iterative procedure is used. First. 


Calculate K from equation 
121: 
K = 10.400)/125+ 2731- 0.96=94.9. 


Estimate TJ from equation 
Ill: 
TJ =40+ 
110.400+ 0.100)0001=67.5°C 
Substitute 
this TJ into eq. 121: 
PO= 94.9167.5+ 2731-0.96= 
0.352 W. 


Substitute 
this Po into eq. Ill: 
TJ=4O+1I0.352+0.1flJlofIJl=65.1°C. 


Substitue this TJ into eq. 121: 
PO=94.9165.1 +2731-0.96=0.345 
W. 


Substitue this Po into eq. Ill: 
TJ=4O+1I0.354+0,lf1J)ofIJl=65.2°C. 


Since the last two values obtained for TJ are essentially the same. the iterative process is complete. 
with the solution 
TJ=65.2°C. 


FIGURE 2 - 
MC6lI06R2 
HMOS 
MICROCOMPUTER 
BLOCK 
DIAGRAM 


EXTAL 
RESET 
NUM 


PAO 
PAl 
Accumulator 


Port 
PA2 
Data 
A 
A 
PA3 


CPU 
Dir 
Index 
Control 
110 
PA4 
Reg 
Register 
Lines 
PA5 
a 
x 


PA6 
Condition 
PA7 
Code 
Register 
CC 
CPU 


Stack 


pao 
5 
POinter 
SP 
PBl 
Program 
Port 
PB2 
B 
Port 
Data 
Counter 
PB3 
B 
Dir 
4 
High 
PCH 
110 
PB4 
Reg 
Reg 
Lines 
PB5 
Program 


pa6 
Counter 


PB7 
Low 


ANO/PDO 
AN1/PDl 
AN2/PD2 
Port 
AN3/PD3 
D 
VRL/PD4 
Input 


VRH/PD5 
Lines 


INT2/PD6 
PD7 


PCO 
PCl 


Data 
Port 
PC2 
Port 


Dir 
C 
PC3 
C 


Reg 
Reg 
PC4 
110 


PC5 
Lines 
PC6 
PC7 
AOO223 


Test PointO~---l 
f" 


C=40 
pF, R= 12 k 
Adjust 
RL so that 
II = 3.2 mA 
with 
VI=O.4 
V and VCC=5.25 
V 


C=~ 
pF. R=24 
k 
Adjust 
RL so that II = 1.6 mA 
with 
VI=O.4 
V and VCC=5.25 
V 


SIGNAL 
DESCRIPTION 
- 
The input and output 
signals 
for the MCU, shown in Figure 1, are described in the follow- 
ing paragraphs. 


VCC AND VSS 
- 
Power is supplied to the MCU using 
these two 
pins. 
VCC is +5.25 
Vdc 
±0.5 
V. VSS is the 
ground connection. 


INT - 
This pin provides the capability for applying an ex- 
ternal interrupt to the MCU. Refer to INTERRUPTS f('r addi- 


tional 
information. 


XTAL AND EXTAL - 
These pins provide control Input for 
the on-chip 
clock circuit. 
A crystal (AT cut, 4.0 MHz max- 
imum) or a resistor, depending on manufacturing 
mask op- 
tion, 
can be connected 
to these pins to provide a system 
clock with various degrees of stability/cost 
tradeoffs. 
Refer 
to INTERNAL 
CLOCK GENERATOR OPTIONS for recom- 


mendations about these inputs. 


TIMER 
- 
This pin allows an external input to be used to 
decrement the internal timer circuitry. 
Refer to TIMER for ad- 


ditional information 
about the timer circuitry. 


RESET - 
This pin allows resetting of the MCU at times 
other than the automatic 
resetting capability 
already in the 
MCU. Refer to RESETS for additional 
information. 


NUM (Non-User Mode) - 
This pin is not for user applica- 


tion and should be connected 
to ground. 


INPUT/OUTPUT 
LINES (PA(}-PA7, 
PB(}-PB7, PC(}-PC7, 


PD(}-PD7) - 
These 32 lines are arranged into four 8-bit ports 


lA, 
B, C, and Dl. Ports A, B, and C are programmable 
as 


either inputs or outputs, 
under software control of the data 
direction 
registers. 
Port 
D has four 
analog 
Inputs, 
two 
voltage reference inputs (VRH, VRLI, an INT2 Input, and a 
digital input. All port D lines can also be directly read and us- 
ed as binary Inputs. 
If any analog Input IS used, then the 
voltage 
reference 
pins IVRH, 
VRL) must 
be used In the 
analog mode. Refer to INPUT/OUTPUT, 
A/D CONVERTER, 


and INTERRUPTS for additional 
information. 


MEMORY 
- 
The MCU 
is capable of addressing 
4096 
bytes of memory and I/O registers with its program counter. 
The MCU has implemented 
2316 of these bytes. This con- 


sists of: 2048 user ROM bytes, 192 self test ROM bytes, 64 
user RAM 
bytes, 
and 12 I/O 
bytes; 
see Figure 6 for the 
Memory Map. The user ROM has been split Into three areas. 
The first area is memory locations S080 to SOFF,and allows 
the user to access these ROM locations 
utilizing 
the drrect 
addressing mode. The main user ROM area ISfrom S7COto 
SF37. The last 8 ROM memory 
locations 
at the 
top 
of 


memory are for the Interrupt vectors. 


The MCU reserves the first 16 memory locations 
for I/O 
features, of which 
12 have been implemented. 
These loca- 


tions are used for the ports, the port DDRs, the timer, the 
INT2 miscellaneous 
register and the A/D. 
Refer to Table 3 


for the register configuration 
of these locations. 
Sixty-four 
bytes of user RAM are provided. 
The last 31 bytes of user 
RAM S061 to S07F are SHARED With the stack area. The 
stack area must be used with care if data is stored there. 


7 
0 
7 
5 
4 
3 
2 
0 
<XXJ 
110 Ports 
S<XXJ 
S<XXJ 
0 
Port A Data 
Timer 
Sool 
RAM 
Port B Data 


127 
1128Bytes) 
Port C Data 
S002 
128 
Port 0 Data 
S003 


Page Zero 


ROM 
Port A DDR" 
SOO4· 


1128Bytes) 
POri8 DDR· 
SOO6· 
255 
256 
6 
Port C DDR" 
SOO5" 
Not Used 


ROM 
7 
Not Used 
S007 
11728Bytes) 
8 
Timer Data Reg 
$OQ6 
1983 
1964 
9 
Timer CTRL Re9 
SOO9 


Main ROM 
10 
Mise Reg 
SooA 
11912Bytes) 


3895 
SF83 
11 
Not Used 
$OOB 
3896 
SF84 
12 
Not Used 
$OOC 
Self Check 


ROM 
13 
Not Used 
SooD 
1192Bytes) 
AID 
Control/Status 
SooE 
4007 
SFF7 


4OB8 
Interrupt 
SFF8 
AID 
Result 
$OOF 


Vectors 
Not Used 


ROM 
148Bytes) 
S03F 
4095 
18Bytes) 
SFFF 
RAM 164Byte~ .- 
S040 
.-'- 
$061 


127 
.- '-Staek 1318ytes) S07F 


·Caution: 
Data Direction 
Registers (OORs) are write-only; 
they read as $FF. 


The shared stack area is used during the processing of an 
interrupt. 
The contents of the MCU registers are pushed on- 


to the stack in the order shown in Figure 7. Since the Stack 
Pointer decrements during pushes, the low order byte {PCLI 
of the Program Counter is stacked first; then the high order 
four bits (PCHl are stacked. This ensures that the program 
counter 
is loaded correctly 
as the stack pointer increments 
when it pulls data from the stack. A subroutine call will cause 
only 
the 
Program 
Counter 
(PCL, 
PCHl 
contents 
to 
be 
pushed onto the stack. 


Push 


• For subroutine calls, only PCH and peL are stacked 


REGISTERS - 
The MCU has five registers available to the 
programmer. 
They are shown in Figure Band are explained In 


the following 
paragraphs. 


ACCUMULATOR 
(AI 
- 
The Accumulator 
is a general 
purpose B-bit register used to hold operands and results of 
arithmetic 
calculations 
or data manipulations. 


INDEX REGISTER (Xl 
- 
The Index Register is an B-bit 


register used for the indexed addressing mode. It contains an 
B-bit address that may be added to an offset value to create 
an effective address. The index register can also be used for 
limited 
calculations 
and 
data 
manipulations 
when 
using 


read/modify/write 
instructions. 
When not required for Index 


Addressing, 
the Index Register can be used as a temporary 


storage area. 


PROGRAM COUNTER (PCI - 
The Program Counter is a 


12-bit register that contains the address of the next instruc- 
tion to be executed. 


STACK 
POINTER (SP) - 
The Stack Pointer is a 12-bit 


register that contains the address of the next free location on 
the stack. During an MCU reset, or the Reset Stack Pointer 
(RSPl instruction, 
the Stack Pointer is set to location S07F. 


The Stack Pointer is then decremented as data is pushed on- 
to the stack and incremented as data is then pulled from the 
stack. The seven most significant 
bits of the Stack Pointer 


are permanently 
set toסס OO11.Subroutines 
and interrupts 


may be nested down to location S061 which allows the pro- 
grammer to use up to 15 levels of subroutine calls tless if in- 
terrupts are allowed!. 


CONDITION 
CODE REGISTER (CCI 
- 
The Condition 


Code Register is a 5-bit register in which each bit is used to 
indicate the results of the instruction 
just executed. 
These 


bits can be individually tested by a program and specific ac- 
tion taken as a result of their state. Each bit is explained in 
the following 
paragraphs. 


Half Carry (HI - 
Set during ADD and ADC operations 
to 


indicate that a carry occurred between bits 3 and 4. 


Interrupt (I) - 
When this bit is set, the timer and external 


interrupts 
tiNT and INT2l are masked. If an interrupt 
occurs 


while this bit is set, the interrupt 
is latched and will be pro- 


cessed as soon as the interrupt 
bit is cleared. 


Negative 
(N) 
- 
Indicates 
that 
the 
result 
of 
the 
last 


arithmetic, 
logical or data manipulation 
was negative (bit 7 in 


the result is a logical one!. 


Zero (Zl - 
Indicates that the result of the last arithmetic, 


logical or data manipulation 
was zero. 


Carry/Borrow 
(Cl - 
Indicates that a carry or borrow out 


of the Arithmetic 
Logic Unit (ALUI occurred during the last 


arithmetic 
operation. 
This bit is also affected 
during bit test 


and branch instructions, 
shifts, and rotates. 


a 
I Accumulator 


a 
I Index 
Register 


a 
I Program Counter 


a 
I 
Stack 
POinter 


Condition 
Code 
Register 


arry/Borrow 


egatlve 


Interrupt Mask 


Half Carry 
AD0229 


7I__ 
x__ 


11 10 
10101010101 


TIMER 
- 
The MCU timer circuitry 
is shown in Figure 9. 
The Bobit counter 
is loaded under program 
control 
and is 
decremented toward zero by the clock input. When the timer 
reaches zero, the timer interrupt 
request bit (bit 7) in the 
Timer Control/Status 
Register ITCSRI is set. The timer in- 
terrupt can be masked by setting the timer interrupt mask bit 
(bit 6) in the TCS R. The interrupt 
bit {I-bill 
in the Condition 
Code Register will also prevent a timer interrupt 
from being 
processed. The MCU responds to this interrupt by saving the 
present MCU state in the stack, fetching the timer interrupt 
vector from locations SFF8and SFF9 and executing the inter- 
rupt routine 
(see Figure 161. THE TIMER INTERRUPT RE- 


QUEST 
BIT 
MUST 
BE CLEARED 
BY SOFTWARE. 
The 
timer and INT2 share the same Interrupt vector. THE INTER- 
RUPT ROUTINE MUST 
CHECK THE REQUEST 81TS TO 
DETERMINE THE SOURCE OF THE INTERRUPT. 


The clock 
input 
to the timer 
can be from 
an external 
source ldecrementing 
of Timer Counter occurs on a positive 
transition of the external source) applied to the TIM ER input 
pin or it can be the internal 1/>2signal. When the 1/>2signal is 
used as the source, it can be gated by an input applied to the 
TIMER input pin allowing 
the user to easily perform pulse- 
width 
measurements. 
INote: 
For ungated 1/>2clock input to 
the timer prescaler, the timer pin should be tied to VCc.) The 
source of the clock input is one of the options that has to be 
specified before manufacture 
of the MCU. A prescaler op- 
tion can be applied to the clock input that extends the timing 
interval up to a maximum of 128 counts before decrementing 
the counter. 
This prescaling option 
must also be specified 
before manufacturing 
begins. To avoid truncation 
errors, the 
prescaler is cleared when 
bit 3 of timer control 
register is 
written 
to a logic 1 lthis bit always reads as a logic 0). The 
timer continues 
to count past zero, falling through 
to FF16 
and then continuing 
the count. The count can be read at any 
time by monitoring 
the Timer 
Data Register ITDRI. 
This 
allows a program 
to determine 
the length of time since a 
timer interrupt 
has occurred, 
and not disturb the counting 
process. 
At Power-up 
or Reset, the prescaler and counter are ini- 


tialized with all logical ones; the timer interrupt 
request bit 
(bit 7) is cleared and the timer interrupt 
request mask bit (bit 
6) is set. Refer to Table 3 for MCU Register Configuration. 


SELF CHECK - 
The self check capability of the MCU pro- 
vides an internal check to determine if the part is functional. 
Connect the MCU as shown 
in Figure 10 and monitor 
the 
output 
of Port C, bit 3 for an oscillation 
of approximately 
7 Hz. A 9 volt level on the timer input, 
Pin 8, energizes the 
ROM based self check feature. 
Several of the self check subroutines 
can be called by a 
user program. They are the RAM, ROM and 4 channel A/D 
test. The timer routine may also be called if the timer input is 
the internal clock. 


RAM 
Self Check Subroutine 
- 
Returns with 
the Z-bit 
clear if any error is detected; 
otherwise 
the Z-bit is set. 


The RAM test must be called with 
the stack pointer 
at 
S07F. When run, the test checks every RAM cell except for 
S07F and S07Ewhich are assumed to contain the return ad- 
dress. 
A and X are modified. 
All RAM locations except the top 2 
are modified. 


ROM Checksum Subroutine 
- 
Returns with Z-bit cleared 
if any error was found; otherwise Z= 1. X=O 
on return, and 
A will be zero if the test passed. RAM locations 
S04O-S043 


are overwritten. 


A to 0 Converter Test - 
Returns with Z-bit cleared if any 
error was found; otherwise Z = 1. 


A and X register contents 
are lost; 
X must be set to 4 
before 
the 
call. 
X = 8 on 
return 
and 
A/D 
channel 
7 is 
selected. 


Timer Test - 
Return with Z-bit cleared if any error was 
found; otherwise Z = 1. 
This runs a simple test on the timer. In order to work cor- 
rectly as a user subroutine, 
the internal clock must be the 
clocking 
source and interrupts 
must be disabled. Also, on 
exit, the clock will be running and the interrupt mask not set 
so 
the 
caller 
must 
protect 
himself 
from 
interrupts 
if 
necessary. 


Timer 
Input 
Pin 
r---, 
I 
I 
I 
I 
L 
I 


Manufacturing 
Mask 
OptionS 


Timer 
Interrupt 
Mask 


RESET 
r-l 
l. 
- 


1 
40 
r 
:,:: 
VSS 
A7 


2 RST 
MC6805R2 
A639 


01 
31NT 
A5 ~ 


4 VDD 


A4 
I!.... 


5 Vdc 
~1.0"F 
5 
A336 


:r: L'i; 
~ 


EXTAL 
A235 
- :r:::::. 
4~ 
AI34 
XTAL 
- 
MHz 
7 NUM 


8 TIMER 
AO 33 


9V 
LED~ 
510. 
9 CO 
B732 


LED 
510 
10 Cl 
B631 


~LED ••••.• 
510 
11 C2 
B5~ 


LED 
~'510 
12 C3 
~ 
B4 
~. 
c..J] 
B3 2B 
C4 


-l1 
C5 
B2 27 


15 C6 
Bl~ 
- 


16 C7 
BO ~ 


--!l 
D7 


..-l§ 
D61iNTIi 
IANOI DO 24 


19 D5IVRH' 
IANll 
Dl 
23 


01~ 


22 
IAN21 D2 


.J. 
20 D4IVRL' 
IAN31 D3 21 


- 


AOO231 


CO 
C1 
C2 
C3 
Remarks 
[1:LED 
ON; O:LED OFF) 


1 
0 
1 
0 
Bad I/O 


0 
0 
1 
0 
Bad TImer 


1 
1 
0 
0 
Bad RAM 
0 
1 
0 


I 


0 
Bad ROM 
1 
0 
0 
0 
Bad A/D 
0 
0 
0 
0 
Bad Interrupts or Request Flag 


All FlashlOn 
Good Part 


A and X register contents are lost, this routine counts how 
many times the clock counts in 128 cycles. The number of 
counts should be a power of two since the prescaler is a 
power of two. If not, the timer probably is not counting cor- 
rectly. The routine will also detect if the timer is running at 
all. 


RESETS - 
The MCU can be reset three ways: by initial 
powerup, by the external reset input (RESETI and by an in- 
ternallow vOltage detect circuit, (mask option) see Figure 11. 
The mternal circuit connected to the I1rSIT pin consists of a 
Schmitt trigger which senses the RESET line logic level. The 


Schmitt trigger provides an internal reset vOltage if it senses 
a logical 0 on the RESET pin. During powerup, the Schmitt 
trigger switches on [removes resetI when the RESET pin 
voltage rises to VIRES + . When the RESET pin voltage falls 
to a logical 0 for a period longer than one E cycle, the 
Schmitt 
trigger switches off 
to provide an internal reset 


voltage. The "switch 
off" voltage occurs at VIRES + . 


Upon powerup, a delay of tRHL milliseconds is needed 


before allowing the RESETinput to go high. This time allows 
the 
internal 
cloc~erator 
to 
stabilize. 
Connecting 
a 
capacitor to the RESET input as shown in Figure 12 will 
typically provide sufficient delay. 


INTERNAL CLOCK GENERATOR OPTIONS - 
The inter- 


nal clock 
generator 
circuit 
is designed 
to require 
a minimum 
of external components. A crystal or a resistor may be used 
to control the Internal clock generator with varYing degrees 
of stability. 
A manufacturing mask option is used to select 
the crystal or resistor operation. 


The different connection methods are shown in Figure 13. 
Crystal specifications are given in Figure 14. A resistor selec- 
tion graph is shown in Figure 15. 


The crystal oscillator start-up time is a functIOn of many 


variables: crystal parameters - 
especially As, oscillator load 


capacitances, IC parameters, ambient temperature, supply 
voltage, and supply voltage turn-on time. 
To 
ensure 
rapid 
oscillator 
start-up, 
the 
crystal 
characteristics should not exceed those recommended and 
the load capacitances should not exceed recommendations. 


Part of 


MC6805R2 
MCU 


Note 


ApprOXimately 


100 Millisecond 
Delay 


AD0233 


27 pF 


(Recommended 
Total External ~ 


System CapacItance) 
- 
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25% 
Accuracy 


TYPIcal 'eye'= 1.25 Jols 


External Jumper 


5 EXTAL 
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Note: All connections to pins 5 and 6 should have leads as short as possible. 
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5 
Co 
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- 
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I 
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"" 
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! 
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INTERRUPTS 
- 
The MCU can be interrupted 
four dif- 


ferent ways: through 
the external interrupt 
(iNTI 
input pin, 
the internal timer interrupt 
request, the external port D bit 6 
IINT21 input pin, and a software interrupt 
instruction 
ISWII. 


When 
any interrupt 
occurs, 
processing 
is suspended, 
the 
present MCU state is pushed onto the stack, the interrupt bit 
II-bitl 
in the Condition 
Code Register is set. the address of 
the interrupt 
routine is obtained 
from the appropriate 
inter- 


rupt vector address, and the interrupt 
routine is executed. 


Refer to 
Figure 
16 lor 
Flowchart. 
The 
interrupt 
service 


routines must end with a Return from Interrupt (RTII instruc- 
tion which allows the MCU to resume processing of the pro- 
gram prior to the interrupt. 
Table 1 provides a listing of the 


interrupts, 
their priority, 
and the address of the vector which 
contains the starting address of the appropriate interrupt ser- 
vice routine. l1Em is listed in Table 1 because it is process- 
ed similar to an interrupt. 
However, it is not normally used as 
an interrupt. 
Note: The timer and INT2 share the same vector 


address. The interrupt 
routine must determine the source by 


examining 
the interrupt 
request bits (TCR bit 7 and MR bit 
71. Both TCR bit 7 and MR bit 7 can only be written 
to 0 by 
software. 


The external interrupts iNT and iNTI are set on the falling 
edge 01 the input signal. The INT2 has an interrupt 
request 


bit (bit 71 and a mask bit Ibit 61 located in the Miscellaneous 
Register IMRI, 
refer to Table 3. The INT2 interrupt 
is in- 


hibited when the mask bit is set. The INT2 is always readable 
as a digital input of Port D. The INT2 and timer interrupt 
re- 


quest bits, if set. will cause the MCU to process an interrupt 
when the condition 
code I-bit is cleared. 
A sinusoidal input signal (liNT maximum 1can be used to 


generate an external interrupt liNTl, as shown in Figure 17, 
lor use as a Zero Crossing Detector with hysteresis included. 
An interrupt request generated for each negative slope, zero 
crossing of the AC signal. For digital applications, 
the INT 


can be driven directly by a digital signal at a maximum 
fre- 


quency of 1/8 the clock frequency 
lat EXTALJ. 


TABLE 
1 - 
INTERRUPT 
PRIORITIES 


Interrupt 
Priorrty 
Vector 
Address 
i'fESTI 
, 
SFFEand SFFF 


SWI 
2 
SFFCand SFFD 


INT 
3 
SFFAand SFFB 
TIMER/lNT2 
4 
SFFBand SFF9 


07F- 
SP 
O-OOA 
FF- TImer 
7F- 
Prescaler 
7F- 
TCA 


7F-MA 
O-CSA 
CLA INT Log,c 


Stack 
PC. 
X. A. CC 
II SWI 
Opcode 
IPCI = IPCI + 1 
Otherwise 
IPCI ~ IPCI 


Set 
I Bit 


In CC 
liNT Mask 
B,tl 


Put 
FFE 


on Address 
Bus 


Load 
PC 
from 
FFC/FFO 


Clea,INT 


Request 


Latch 


Load 
PC 
from 
FFA/FFB 


Load 
PC 
from 


FFEI FFF 


"Interrupt 
= SWI + liNT + INT2+ 
Timer].TB'1 
CC 


INT2= 
MR7.Mlffi 
Timer = TCA7.'fCR6 


Interrupt 
Must be Timer 
and/or 
iNT2; 
Load 
PC from 
FFBI FF9 


INPUT/OUTPUT 
- 
There are 32 input or Input/output 
pins. All pins on ports A, Band C are programmable as either 
Inputs or ouputs under software control of corresponding 
Dala Direcllon RegISters(DDRsl. The port I/O programming 
is accomplished by setting the corresponding bit In the ports 
DDR to a logic" 1" for output or a logic "0" for input. On 
resel all the DDRs are Inillalized to a logic "0" state, placing 
the ports In the Inpul mode. The port output registers are not 
Inllialized on reset and should be Initialized by software 
before changing the DDRs from input to output. When pro- 
grammed as outputs, all I/O pins read latched output data, 
regardless of the logiC levels at the output pin due to output 
loading; refer to Figure 18. 


All input/output 
lines are TTL compatible as both Inputs 


and outputs. Port A lines are CMOS compatible as outputs. 
Port B, C and D lines are CMOS compatible as InpuIS. Port D 
lines are input only; thus, there IS no corresponding DDR. 
When programmed as outputs, Port B IScapable of Sinking 


10milliamperes on each Pin and sourcing 1.0 milliamperes on 
each pin. 


Port D provides the multiplexed analog Inputs, reference 
voltages, and INT2. All of these lines are shared with the Port 
D digital inputs. Port D may always be used as digital Inputs 
and may also be used as analog inputs. The VRL and VRH 
lines (PD4 and PD51 are Internally connected by the A/D 
resistor. Analog Inputs may be pre-scaled to attain the VRL 
to VRH recommended input voltage range. 


Figure 19 provides some examples of port connections. 


The Memory Map In Figure 6 gives the addresses of data 
registers and DDRs. The Register Conflguralion ISprovided 
in Table 3. 


Caution: The corresponding DDRs of Port A. Band Care 
write-only 
regISters. These registers Will read (via any 


Register/Memory, 
Read/Modify/Write, 
BSET/BCLR, 
or 


BRSET/BRCLR instruction I as aliI's 
1FF161. 


AC 
Input 
(1 kHz MaxI 
R,,; 1 M 


AC Input>: 
10 Vpp 


± 5° Accuracy 


TTL 


Level 
DigItal 
Input 


(fosc+5 
Maximuml 


Data 
Olrectlon RegIster 


Bit- 


Output 


Data Latch 


BII 


OBt. 
Direction 
Output 
Input 


RegiBtOf 
08t8 
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To 


Bit 
Bit 
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1 
0 
0 
0 


1 
1 
1 
1 
0 
X 
3-State·· 
Pin 


FIGURE 
19 - 
TYPICAL 
PORT 
CONNECTIONS 


Output 
Modes 


PA7 
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tCMO$ 
Loads) 


PA6 
39 
PB7 
32 
~'O:HFE'lb 


PA5 
3B 
PB6 
31 


PM 
37 
11 TTL 
Load) 
PB5 
:xl 
_Ib 
- 
PA3 
36 
1.6 mA 
PB4 
29 
1.0 mA 
(minI 


PA2 
35 
PB3 
2B 
2N6386 
IT YPlcall 


PAl 
34 
PB2 
27 


PAo 
33 
PB1 
26 


PBo 
25 


Port A, Bit 7 Programmed 
as Output, 
DriVing 
CMOS 


Loads 
and 
alt 4 DriVing 
one 
TTL 
Load 
DIrectly 
,., 


Port 
B, 
Sit 
5 
Programmed 
as 
Output. 
DriVing 


Darhngton-Base 
Directly 


Ibl 


PB7 
32 
+ V 


PB6 
31 


PB5 
:xl 


PB4 
29 


PB3 
2B 
'i/ 
;1/ 


PB2 
27 
10 mA- 
PBl 
2B 


PBo 
25 


PC7 
16 


PC6 
15 
+ 
V 


PC5 
14 


PC4 
13 


PC3 
12 
CMOS 
Inverter 


PC2 
11 
MCl4049/14069 


PCl 
10 
(Typical! 


PCo 


Port 
C. 
Bits 
0.3 
Programmed 
as 
Output. 
Dnvlng 
CMOS loads. 
Usmg External 
Pullup 
ReSistors 


IdJ 


PA7 


PA6 


PA5 


37 
PA4 


36 
PA3 


35 
PA2 


SN74LS04 
or MCl4069 


(Typical) 


CMOS 
or TTL 
DriVing 
Port 
B Directly. 


III 


POl/ANI 


P02lAN2 


P03/AN3 


VAL 


VAH 


P07 


ANALOG 
TO DIGITAL CONVERTER (A/DI 
- 
The MCU 
has an B-bit AI D converter implemented 
on the chip using a 


successive approximation 
technique, 
as shown in Figure 20. 


Four external analog inputs, input via port D, are connected 
to 
the 
AID 
through 
a multiplexer. 
Four internal 
analog 
signals 
may 
be selected 
for 
calibration 
purposes 
IVRH, 
VRH/2, 
VRH/4, 
VRLI. 


The multiplexer 
selection 
is controlled 
by the AI D Con- 


troll Status register IACSRI bits 0, 1, and 2, see Table 2. This 
register 
is cleared during 
any RESET condition. 
Refer to 


Table 3 for Register Configuration. 


Whenever the ACSR is written. 
the conversion in progress 
IS aborted, 
the conversion 
complete 
flag IACSR 
bit ]1 is 
cleared. 
and the 
selected 
input 
is sampled 
and held in- 


ternally. 
The converter 
operates 
continuously 
using 30 machine 
cycles to complete a conversion of the sampled analog input. 
When conversion is complete. 
the digitized sample or digital 


value is placed in the AID 
Result Register IARRl. the conver- 


Slon complete flag is set. the selected Input ISsampled again, 


and 
a new 
conversion 
is started. 


The AID 
ISratiometric. 
Two reference voltages IVRH and 
VRLI are supplied to the converter via port D pins. An input 
voltage equal to VRH converts to FF161fuil scalel and an in- 
put voltage equal to VRL converts 
0016 
An Input VOltage 
greater than VRH converts to FF16 and no overflow 
Indica- 


tion 
is provided. 
For ratiometric 
conversions, 
the 
source 
of 


each analog input should be operated using V RH as the sup- 
ply voltage and referenced to VRL. 


WARNING 
- 
This deVice contains cirCUitry to protect the 
Inputs against damage due to high static voltages or electric 
field; 
however. 
the design 
of 
the Input 
CIrcuitry 
for 
the 


analog reference VOltage pins 119and 201does not offer the 
SAM E level of protection. 
Precautions should be taken to 


avoid applications of any voltage higher than maximum rated 
voltage or handled in any environment 
prodUCing high static 


voltages. 
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ANO 
0 
0 
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1 
0 
0 
VRH· 
1 
0 
1 
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1 
1 
0 
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1 
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BIT MANIPULATION 
- 
The MCU has the ability to set or 
clear any single RAM or input/output 
bit (except the data 
direction registers, see Caution on page 12) with a single 
Instruction (BSET, BCLRI. Any bit in the page zero including 
ROM, except the DDRs, can be tested using the BRSET and 
BRCLR instructions and the program branches as a result of 
ItS state. The Carry bit IC) will equal the value of the bit 
referenced by BRSET or BRCLR. The capability to work with 
any bit In RAM, ROM or I/O allows the user to have in- 
dividual flags in RAM or to handle single I/O bits as control 
lines. 
The 
coding 
example 
in 
Figure 21 illustrates 
the 
usefulness of the bit manipulation 
and test instructions. 


Assume that the MCU is to communicate with an external 
serial device. The external device has a data ready signal. a 
data output line, and a clock line to clock data one bit at a 
time, LSB first, out of the device. The MCU waits until the 
data is ready, clocks the external device, picks up the data In 
the Carry Flag {C-bltl, 
clears the clock line and finally ac- 


cumulates the data bits in a RAM location. 
ADDRESSING MODES 
The M6805 Family has ten addressing modes available for 
use by the programmer. 
They are explained briefly in the 
following paragraphs. For additional details and graphical il- 
lustrations, 
refer to 
the 
M6805, M146805 Family Users 
Manual. 


The term "effective 
address" 1EA} IS sometimes used In 
describing the addressing modes and it is defined as the ad- 
dress from which the argument for an instruction ISfetched 
or stored. 


IMMEDIATE 
- 
In the immediate addressing mode, the 
operand is contained in the byte immediately following the 
opcode. The immediate addressing mode is used to access 
constants which do not change during program execution 
{e.g., a constant used to Initialize a loop counter!. 


DIRECT - 
In the direct addressing mode, the effective ad- 
dress of the argument IScontained in a single byte following 
the opcode byte. Direct addressing allows the user to direct- 
ly address the lowest 256 bytes in memory with a single two 
byte instruction. 
This includes all on-chip 
RAM and I/O 
registers and up to 128bytes of ROM. Direct addressing is an 
effective use of both memory and speed. 


EXTENDED - 
In the extended addressing mode, the ef- 


fective address of the argument is contained in the two bytes 
following the opcode. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three byte instruction. When using the 
Motorola assembler, the user need not specify whether an 
instruction 
uses 
direct 
or 
extended 
addressing. 
The 
assembler will automatically select the shortest form of the 


instruction. 


RELATIVE - 
The relative addressing mode is only used in 
branch instructions. 
In relative addressing, the contents of 


the 8-bit signed byte following the opcode (the offset I is add- 


ed to the PCIf, and only If, the branch condition is true. Other- 
wise, control proceeds to the next instruction. 
The span of 
relative addressing is limited to + 129, - 126 from the op- 
code 
address. The 
programmer 
need not 
worry 
about 
calculating 
the 
correct 
offset 
if 
he uses the 
Motorola 
assembler, since it calculates the proper offset and checks to 
see if it is within the span of the branch. 


INDEXED, NO OFFSET - 
In the indexed, no offset ad- 
dressing mode, the effective address of the argument is con- 
tained ,n the 8-bit index register. Thus, this addreSSingmode 
can access the first 256 memory locations. These Instruc- 
tions are only one byte long and are therefore fast. This 
mode is often used to move a pointer through a table or to 
hold the address of a frequently referenced RAM or I/O loca- 


tIon. 


INDEXED, 8-BIT OFFSET - 
In the indexed, 8-blt offset 
addressing mode, the effective address is the sum of the 
contents of the unsigned 8-blt Index register and the unsign- 
ed byte following 
the opcode. 
This addressing mode is 
useful in selecting the kth element in an n element table. 


INDEXED, 16-81TOFFSET - 
In the indexed, 16-bit offset 
addressing mode, the effective address is the sum of the 
contents of the unsigned 8-bit index register and the two un- 
signed bytes following 
the opcode. This addreSSing mode 
can be used in a manner similar to Indexed, 8-bit offset; ex- 
cept that thiS three byte instruction 
allows tables to be 
anywhere in memory le.g., jump tables in ROMI. As with 
direct and extended, the Motorola assembler will determine 
the shortest form of indexed addressing. 


BIT SET/CLEAR - 
In the bit set/clear addressing mode, 
the bit to be set or cleared is part of the opcode and the byte 
following 
the opcode specifies the address of the byte in 
which the specified bit is to be set or cleared. Thus, any 
read/write bit In the first 256 locations of memory, Including 
I/O, can be selectively set or cleared with a single two byte 
instruction. 
See Caution on page 12. 


BIT TEST AND BRANCH - 
Bit test and branch is a com- 
bination of direct addressing and relative addressing. The bit 
and condition {set or clearl to be tested is part of the opcode 
and the address of the byte to be tested ISin the single byte 
immediately following the opcode byte. The signed relative 
8-bit offset is in the third byte and is added to the PC If the 
specified bit is set or clear in the specified memory location. 
This single three byte instruction 
allows the program to 


branch based on the condition of any readable bit in the first 
256 location of memory. The span of branching is + 130, 
- 125 from the opcode address. See Caution on page 12. 


INHERENT - 
In the inherent addressing mode, all the in- 


formation 
necessary 
to execute 
the 
instruction 
is con tamed 
in the opcode. Operations specifying only the index register 
or accumulator, and no other arguments, are also included in 
this mode. 


BRSET 
2, PORTA, * 
WAIT 
FOR 
READY 
MCU 
* 
Ready 1 


BSET 
1,PORTA 
CLOCK 
NEXT 
BIT 
IN 
Serial 
BRCLR 
O,PORTA,NEXT 
PICKUP 
BIT 
IN 
C-BIT 
Device 
Clock 


NEXT 
BCLR 
1,PORTA 
RETURN 
CLOCK 
LINE 
HIGH 
ASR 
RAMLOC 
MOVE C-BIT 
INTO 
RAM 
Data 
0 
Port A I 


TABLE 
3 - 
MCU REGISTER 
CONFIGURATION 


PORT DATA 
DIRECTION 
REGISTER 
IDDRI 


(1) 
Write 
Only; 
reads as all 1's 
(2) 
1= Output. 
0 = Input 


(31 
Port A ADDR = $004 
Port B ADDR = $005 
Port C ADDR = $006 
Port 0 ADDR = None; Port D 1$ Input only 


Port A ADDR = $QQQ 
Port B ADDR = $001 
Port C ADDR = $002 
Port D ADDR = $003 


Sit 7 - 
rImer 
Interrupt Request Status BIt Set when TOR goes to zero; must be cleared by software 
Bn 6 - 
TImer Interrupt Mask Bit; 1= timer masked (dIsabled) 


Bit 3 - 
Always reads as a 0; clears prescaler when wntten 
to a logiC 1 
Bits 5, 4, 2, 1, 0 read 1's - 
unused bits 


Bit 7 - 
INT2 Interrupt 
Request Bit Set when falling edge detected on INT2 pIn must be cleared by software 


Bit 6 - 
INT2 Interrupt 
Mask Bit 1 = INT2 Interrupt 
masked 
(disabled) 


Bit 5 - 
0 Read as 1's - 
unused bits 


Bit 7 - 
Conversion complete status FLAG Set when conversion is complete; 
Cleared ONLY 
ON A WRITE 
TO ACSR 


READABLE. 
NOT WRITABLE 
Bits 2, 1,0 
- 
AID 
Input 
Mux 
Selection 
(see Table 21 


Bits 6,5.4, 
3 read as l's 
- 
unused bits 


The MCU has a set of 59 basic instructions. 
They can be 
divided 
Into 
five 
different 
types: 
register/memory, 
read/modify/write, 
branch, 
bit manipulation, 
and control. 


The following 
paragraphs briefly explain each type. All the 
instructions 
within 
a given 
type 
are presented 
In Individual 
tables. 


BRANCH 
INSTRUCTIONS 
- 
The branch 
instructions 
cause a branch from the program when a certain condition 
is 


met. Refer to Table 4. 


BIT MANIPULATION 
INSTRUCTIONS 
- 
These instruc· 
tion are used on any bit In the first 256 bytes of the memory, 
see Caution on pagE 12.One group either sets or clears. The 
other 
group 
performs 
the bit test and branch operations. 


Refer to Table 5. 


REGISTER/MEMORY 
INSTRUCTIONS 
- 
Most of these 
instruCtions use two operands. One operand is either the ac· 
cumulator 
or the index register. 
The other operand 
IS ob· 


tained from memory uSing one of the addressing modes. The 
Jump unconditional 
(JMPI and Jump to subroutine 
(JSR) in· 
structions 
have no register operand. 
Refer to Table 6. 


READ/MODIFY/WRITE 
INSTRUCTIONS 
- 
These in· 
structlons 
read a memory location or a register, modify 
or 
test 
its contents, 
and write 
the 
modified 
value 
back to 
memory or to the register, see Caution on page 12. The test 
for 
negative 
or zero ITST) 
instruction 
is included 
in the 
read/modify/wnte 
instruction 
even though 
it does not per· 


form the write. 
Refer to Table 7. 


CONTROL 
INSTRUCTIONS 
- 
The control 
instructions 
control 
the 
MCU 
operations 
dunng 
program 
execution. 


Refer to Table 8. 


ALPHABETICAL 
LISTING - 
The complete instruction 
set 
ISgiven In alphabetical order In Table g. 


OPCODE MAP 
- 
Table 10 is an opcode map for the in· 
structions 
used on the MCU. 


Relative 
Addressing 
Mode 


Function 
Mnemonic 
Op 
I 
HMOS/CMOS 


Code 
Bytes 
I Of Cycles 


Branch Always 
BRA 
20 
2 
4/3 


Branch 
Never 
BRN 
21 
2 
4/3 


Branch IFF Higher 
BHI 
22 
2 
4/3 


Branch 
IFF Lower 
or Same 
BLS 
23 
2 
4/3 


Branch 
IFF Carry Clear 
BCC 
24 
2 
4/3 


(Branch 
IFF Higher 
or Same) 
IBHSI 
24 
2 
4/3 


Branch IFF Carry Set 
BCS 
25 
2 
4/3 


(Branch 
IFF Lower) 
IBLOI 
25 
2 
4/3 


Branch 
IFF Not Equal 
BNE 
26 
2 
4/3 


Branch IFF Equal 
BEG 
27 
2 
4/3 


Branch 
IFF Half Carry Clear 
BHCC 
28 
2 
4/3 


Branch 
IFF Half Carry Set 
BHCS 
29 
2 
4/3 


Branch 
IFF Plus 
BPL 
2A 
2 
4/3 


Branch 
IFF MinUS 
BMI 
2B 
2 
4/3 


Branch 
IFF Interrupt 
Mask 
Bit IS Clear 
BMC 
2C 
2 
4/3 


Branch 
IFF Interrupt 
Mask 
Bit IS Set 
BMS 
20 
2 
4/3 


Branch 
IFF Interrupt 
Line IS Low 
BIL 
2E 
2 
4/3 


Branch 
IFF Interrupt 
Line IS High 
BIH 
2F 
2 
4/3 


Branch 
to Subroutine 
BSR 
AD 
2 
8/6 


Addressing Modes 


Bit Set/Cleer 
Bn Test and Branch 


Funetton 
Mnemontc 
Op 
I 
I 
Op 
I 
HMOS/CMOS 


Code 
Bytes 
Cycles 
Code 
Bytes 
I of Cycles 


Branch 
IFF Bit n IS set 
BASEl n In ~ 0 ...71 
- 
- 
- 
2· 
n 
3 
10/5 


BranchIFFBrtn is dear BRCLRn In - 0 ...71 
- 
- 
- 
01 + 
2. 
n 
3 
10/5 


Set Bit n 
BSETn In - 0 ...71 
10 + 
2 - n 
2 
7/5 
- 
- 
- 


Clear bit n 
BCLR n In - 
0 ...71 
11+2-n 
2 
7/5 
- 
- 
- 


Addressing Modes 


Immediate 
Direct 
Extended 
Indexed 
Indexed 
Indexed 


Function 
(No Offset! 
18-Bit Offset) 
118-Bit Offset} 
Mnem. 
Op , 
Cycles 
Op , 
Cycles 
Op , 
Cycles 
Op , 
Cycles 
Op , 
Cycles 
Op , 
Cycles 


Code 
Bytes 
I••• 
note! 
Code 
Bytes 
I••• 
note! 
Code 
Bytes 
I••• 
note} Code 
Bytes 
I••• 
notel 
Code 
Bytes 
I••• 
note} 
Code 
Bytes 
I••• 
note! 


Load A from Memory 
LDA 
A6 
2 
2/2 
B6 
2 
4/3 
C6 
3 
5/4 
F6 
1 
4/3 
E6 
2 
5/4 
D6 
3 
-6~ 


Load X from Memory 
LDX 
AE 
2 
2/2 
BE 
2 
4/3 
CE 
3 
5/4 
FE 
1 
4/3 
EE 
2 
5/4 
DE 
3 
6/5 


Store A In Memory 
STA 
- 
- 
B7 
2 
5/4 
C7 
3 
6/5 
F7 
1 
5/4 
E7 
2 
6/5 
D7 
3 
7/6 


Store X In Memory 
STX 
- 
- 
- 
BF 
2 
5/4 
CF 
3 
6/5 
FF 
1 
5/4 
EF 
2 
6/5 
DF 
3 
7/6 


Add 
Memory 
to A 
ADD 
AB 
2 
2/2 
BB 
2 
4/3 
CB 
3 
5/4 
FB 
1 
4/3 
EB 
2 
5/4 
DB 
3 
6/5 


Add 
Memory 
and 
ADC 
A9 
2 
2/2 
B9 
2 
4/3 
C9 
3 
5/4 
F9 
1 
4/3 
E9 
2 
5/4 
D9 
3 
6/5 
Carry to A 


Subtract Memory 
SUB 
AD 
-- 
- _.- 
- 
1-514- 


2 
2/2 
BO 
2 
4/3 
CO 
3 
5/4 
FO 
1 
4/3 
EO 
2 
DO 
3 
6/5 


Subtract Memory 
from 
- 
.- 
1-- 
- 


A with Borrow 
SBC 
A2 
2 
2/2 
B2 
2 
4/3 
C2 
3 
5/4 
F2 
1 
4/3 
E2 
2 
5/4 
D2 
3 
6/5 


AND 
Memory 
to A 
AND 
.~---- 


6/5 
A4 
2 
2/2 
B4 
2 
4/3 
C4 
3 
5/4 
F4 
1 
4/3 
E4 
2 
5/4 
D4 
3 


OR Memory 
with 
A 
ORA 
AA 
2 
2/2 
BA 
2 
4/3 
CA 
3 
5/4 
FA 
1 
4/3 
EA 
2 
5/4 
DA 
3 
6/5 


Exclusive OR Memory 
EOR 
A8 ' 
2 
2/2 
B8 
2 
4/3 
C8 
3 
5/4 
F8 
1 
4/3 
EB 
2 
5/4 
DB 
3 
6/5 
With A 


Arithmetic 
Compare A 


CMP 
A1 
2 
2/2 
B1 
2 
4/3 
C1 
3 
5/4 
F1 
1 
4/3 
F1 
2 
5/4 
D1 
3 
6/5 


with Memory 


Arithmetic 
Compare X 
CPX 
A3 
2 
2/2 
B3 
2 
4/3 
C3 
3 
5/4 
F3 
1 
4/3 
E3 
2 
5/4 
D3 
3 
6/5 
with Memory 


Bit Test Memory with 
BIT 
A5 
2 
2/2 
B5 
2 
4/3 
C5 
3 
5/4 
F5 
1 
4/3 
E5 
2 
5/4 
D5 
3 
6/5 
A ILogical 
Compare} 


Jump Unconditional 
JMP 
- 
- 
- 
BC 
2 
3/2 
CC 
3 
4/3 
FC 
1 
3/2 
EC 
2 
4/3 
DC 
3 
5/4 


Jump to Subroutine 
JSR 
- 
- 
- 
BD 
2 
7/6 
CD 
3 
8/6 
FD 
1 
7/5 
ED 
2 
8/7 
DD 
3 
9/7 


Addressing Modes 
f--------- 
-,- 


Inherent 
(A) 
Inherent 
IX) 
Direct 
Indexed 
Indexed 
(No Offset I 
(B-Bit Offset) 


Function 
Mnem. 
Op , 
Cycles 
Op , 
Cycles 
Op , 
Cycles 
Op , 
Cycles 
Op , 
Cycles 


Code 
Bytes 
(see note) 
Code 
Bytes 
{see notel 
Code 
Bytes 
lsee notel 
Code 
Bytes 
(see note) 
Cod. 
Bytes 
(see notel 


Increment 
INC 
4C 
1 
4/3 
5C 
, 
4/3 
3C 
2 
6/5 
7C 
, 
6/5 
6C 
2 
7/6 


Decrement 
OEC 
4A 
1 
4/3 
5A 
, 
4/3 
3A 
2 
6/5 
7A 
1 
6/5 
6A 
2 
7/6 


Clear 
CLR 
4F 
1 
4/3 
5F 
1 
4/3 
3F 
2 
6/5 
7F 
1 
6/5 
6F 
2 
7/6 


Complement 
COM 
43 
, 
4/3 
53 
, 
4/3 
33 
2 
6/5 
73 
, 
6/5 
63 
2 
7/6 


Negate (2's complement) 
NEG 
40 
, 
4/3 
50 
, 
4/3 
30 
2 
6/5 
70 
1 
6/5 
60 
2 
7/6 


Rotate Left Thru Carry 
ROL 
49 
, 
4/3 
59 
, 
4/3 
39 
2 
6/5 
79 
, 
6/5 
69 
2 
7/6 


Rotate Right Thru Carry 
ROR 
46 
1 
4/3 
56 
, 
4/3 
36 
2 
6/5 
76 
, 
6/5 
66 
2 
7/6. 


Log,cal 
Shift 
Left 
LSL 
4B 
1 
4/3 
56 
, 
4/3 
3B 
2 
6/5 
78 
1 
6/5 
68 
2 
7/6 


Logical 
Shift 
Right 
LSR 
44 
, 
4/3 
54 
1 
4/3 
34 
2 
6/5 
74 
, 
6/5 
64 
2 
7/6 


Arithmetic 
Shift Right 
ASR 
47 
, 
4/3 
57 
1 
4/3 
37 
2 
6/5 
77 
, 
6/5 
67 
2 
7/6 


Test for Negative or Zero 
TST 
40 
1 
4/3 
50 
1 
4/3 
3D 
2 
6/4 
70 
1 
6/4 
60 
2 
7/5 


Inherent 


Function 
Mnemonic 
Op 
I 
HMOS/CMOS 
Code 
Bytes 
I of Cycles 


Transfer A to X 
TAX 
97 
1 
2/2 


Transfer X to A 
TXA 
9F 
I 
2/2 


Set Carry Bn 
SEC 
99 
1 
2/2 


Clear Carry Bn 
CLC 
98 
1 
2/2 


Set Interrupt Mask Bit 
SEI 
9B 
I 
2/2 


Clear Interrupt Mask BIt 
CLI 
9A 
I 
2/2 


Software 
Interrupt 
SWI 
B3 
1 
11/10 


Return from SubroUtlne 
RTS 
Bl 
1 
6/6 


Return from Interrupt 
RTI 
80 
1 
9/9 


Reset Stack POinter 
RSP 
9C 
1 
2/2 


No-OperatIon 
NOP 
90 
1 
2/2 


Enable IRQ. Stop Oscillator- 
STOP 
BE 
1 
-/2 


Enable Interrupt. 
Stop Processor- 
WAIT 
SF 
1 
-/2 


Addressing Modes 
Condition 
Codes 


Brt 
Bit 
Indexed 
Indexed 
Indexed 
Set/ 
Test & 


Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
(No Offset) 
IS Bits) 
116 Bits) 
Clear 
Branch 
H 
I 
N 
Z 
C 


ADC 
X 
X 
X 
X 
X 
X 
A · 


A 
A 
A 


ADD 
X 
X 
X 
X 
X 
X 
A · 


A 
A 
A 


AND 
X 
X 
X 
X 
X 
X 
· · 


A 
A · 
ASL 
X 
X 
X 
X 
·· 


A 
A 
A 


ASR 
X 
X 
X 
X 
·· 


A 
A 
A 


BCC 
X 
· · ·· · 
BCLR 
X 
·· ·· · 
BCS 
X 
· · ·· · 
BEG 
X 
· ·· · · 
BHCC 
X 
···· · 
BHCS 
X 
· · · · · 
BHI 
X 
· ·· ·· 
BHS 
X 
· · ·· · 
BIH 
X 
· · ··· 
BIL 
X 
· · · · · 
BIT 
X 
X 
X 
X 
X 
X 
· · 


A 
A · 
BLO 
X 
· ·· · · 
BLS 
X 
· ···· 
BMC 
X 
· · · ·· 
BMI 
X 
· · · · · 
BMS 
X 
· ·· · · 
BNE 
X 
· ·· · · 
BPL 
X 
· · · · · 
BRA 
X 
·· · · · 
BRN 
X 
· ···· 
BRCLR 
X · ·· · 
A 


BRSH 
X · ·· · 


A 


BSH 
X 
····· 
BSR 
X 
····· 
CLC 
X 
· ··· 


0 


CLI 
X 
· 


0 · ·· 
~ 
X 
X 
X 
X 
· · 


0 
I · 
fCMP 
X 
X 
X 
X 
X 
X 
·· 


A 
A 
A 


I COM 
X 
X 
X 
X 
·· 


A 
A 
I 
I CPX 
X 
X 
X 
X 
X 
X 
·· 


A 
A 
A 


Addressing Modes 
Condition 
Codes 


Bit 
Bit 
Indexed 
Indexed 
Indexed 
Setl 
Test & 


Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
(No Offset) 
IB Bits) 
116 Bits) 
Clear 
Branch 
H 
I 
N 
Z 
C 


oEC 
X 
X 
X 
X 
· · 


A 
A · 
EOR 
X 
X 
X 
X 
X 
X 
· · 


A 
A · 
INC 
X 
X 
X 
X 
· · 


A 
A · 
JMP 
X 
X 
X 
X 
X 
· · ··· 
JSR 
X 
X 
X 
X 
X 
· · ··· 
LOA 
X 
X 
X 
X 
X 
X 
· · 


A 
A · 
LOX 
X 
X 
X 
X 
X 
X 
· · 


A 
A · 
LSL 
X 
X 
X 
X 
·· 


A 
A 
A 


LSR 
X 
X 
X 
X 
· · 


0 
A 
A 


NED 
X 
X 
X 
X 
· · 


A 
A 
A 


Nap 
X 
· · ·· · 


ORA 
X 
X 
X 
X 
X 
X 
· · 
A 
A · 
ROL 
X 
X 
X 
X 
· · 
A 
A 
A 


RSP 
X 
· · · ·· 
RTI 
X 
? 
? 
? 
? , 


RTS 
X 
· · ·· · 


SBC 
X 
X 
X 
X 
X 
X 
·· 


A 
A 
A 


SEC 
X 
· · ·· 


1 


SEI 
X 
· 


1 ·· · 
STA 
X 
X 
X 
X 
X 
· · 


A 
A · 
STX 
X 
X 
X 
X 
X 
· · 


A 
A · 
STOP· 
X 
· , ··· 


SUB 
X 
X 
X 
X 
X 
X 
·· 


A 
A 
A 


SWI 
X 
· 0 ·· · 
TAX 
X 
·· ·· · 
TST 
X 
X 
X 
X 
·· 


A 
A · 
TXA 
X 
····· 
WAIT" 
X 
· 


0 ··· 
·CMOS 
Instructions Only 


Condition 
Code Symbols 
H 
Half Carry IFrom 
Bit 31 
I 
Interrupt Mask 
N 
Negative {SIgn Bitl 
Z 
Zero 


Carryl Borrow 
Test and Set If True. Cleared Otherwise 
Not Affected 
Load CC Register From Stack 


TABLE 
10 - 
MC68l5/MC146B06 
INSTRUCTION 
SET OPCODE 
MAP 


8n Mll"ltoul.ltion 
Br.neh 
Read/Modify/Writ. 
Control 
I 
Reailtet'/Memorv 


INH 
11 
I 
H 
01 
1 


~; 
4, 
riJo 
~1 
Ol~ 
01~1 
01~O 
1 
0/'1 


8 
9 
I 


A 
8 


1~ 
1~' 
11~IO 
,t" 
H~ 
."" 
'000 
'00' 
1010 
1011 


'BRSEJP: 


1 
\ 
4 
3 • 
\ 
4 
3 
4 
J 
I 
• • 
; I' 
9 
I' 
, 
4 


I' 
SUB 


4 
4 
J 
~ 
BSE~~c 
BRAR" 
NEG 


nlR 
1 NEG~,,"H 
NEG~"'H 
1 
NEG 
NEG 
ATI,"'H 
SU~MM 
SUBnll:l; 
SUB 
SUB,,, 
SUB 
~9." 
, 
,41 
, 
110. '1 
I 
" 
" 
, 
" 
'0 
\ 
1 
\ 
4 
3 
6 
, 
, 
, 
4 
3 , 
4 • 
, , 
4 
4 
3 


"i" 
BRCL~PR 
BCL~~c 
BRNR~' 
RTS 
CMP 
CMP 


nlP 
CMP 
CMP,x, 
2 
CMP 
CMP 
1 
, 
I 
" 
~" 
'"~ 
'" 


I 
" 
000' 


'BRsEn' 
.' 
4 
I 
, 
4 
, 
SBC 
• · 
m~n 
BSE~~r 
BHIR~' 
i 
SBC 
SBC:)II~ 
SBC 
SBC 
SBC 
2 


·'TR 
I. 
\ol"l 
'" 
" , 
'" 
, 
" 
00'0 


'aRCLR" 


\ 
4 
3 • 
\ 
4 
3 · 


3 
1 
• • 
, " 
'e 
, 
, 
4 
:. 
CPX 
-,J,,- 
BCL~lc 
BLS", 
COM 


01R 
COMA 
CDMX 
COM 
COM 
SWI 
CPX 
CPXD,R 
CPX 
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Abbreviotion. 
for Add ••• 
Model 
LEGEND 


INH 
Inherent 
Opcode in Hexadecimal 


IMM 
Immediate 
F 
~ 
DIR 
Direct 
1111-.. 


EXT 
Extended 
Cycles, MC6805 (HMOS) 
4 
3 
~~ 
REL 
Ae{ative 
Mnemonic 
SU~~ 
BSC 
Bit Setl Clear 
Bytes 
- 
1 
IX 


BTB 
Bit Test and Branch 
/ 
"'- 


IX 
Indexed INo Offsetl 
Cycles, MC46805 (CMOS) 
Address 
Mode 


IXl 
Indexed, 
1 Byte I6-Bitl 
Offset 
IX2 
Indexed, 
2 Byte 116-Bitl Offset 


AQlXli' 


·CMOS 
only 


The MC6805R211/Pl is a device containing a separate, 
except for the 7-segment display and the lD-turn poten- 


ROM program which can be used to evaluate the AID sec- 
tiometer. The two 7-segment displays (with decodersI are 
tion of an MC6805R2. This device, when connected as 
Texas Instruments TIL-311 displays and are connected to 
shown in Figure 22, allows the user to evaluate the standard 
display the result in hexadecimal. The 10-turn potentiometer 


AID section and ascertain its feasibility in his own system. 
is connected across the voltage reference input. It allows for 
The circuit in Figure 22 allows the user to select the analog 
the application of a controlled voltage to one of the analog 
Input by setting the three sWitches (connected to AO, A1, 
Inputs. This connection can be made uSing pin-and-jack 
A21In various open-close combinations Irefer to Table 21. 
jumpering from the 10-turn potentiometer to one of the AND- 


The parts required In Figure 22 are standard components 
AN3 inputs. 


FIGURE 22 - 
M6805R2L1/Pl 
EVALUATION 
CHIP 
- 


STANDALONE 
A/D 
TEST 
DIAGRAM 


+5 
+5 


Note 
Route VCC .::-ndV$S 
(pinS 4 and 11 


10 power supply separately from other 
components 


RESET-1. 
'1' I ~F 


N o---:± 


Short Leads 


6 XTAL 


19 D5/VRH 
>- 
••. 


o ..-r-" 
a.. .:.t. ..J.... -- 
Eo _ 
e>- 
- 
>- 
S' 


VCC 


VSS 


6805R2L 1/ P1 
3'NT 


8 TIMER 


9 CO } 
Analo9 


10 CI 
Mode 


II 
C2 
Select 


12 C3 


7 NUM 


21 AN3/D3 


22 AN2/D2 


23 ANI/DI 


24 ANO/DO 


D7 17 


D6/1NT2 
18 


TlL311 
TlL311 


14 


I-I 
1=1 


14 


I-, 
I 
I 


8 


--- 


D 
C 
8 
A 
D 
C 
8 
A 


12 
13 
2 
3 
12 
13 
2 
3 


87 32 


86 


31 


8530 


84 
29 


8326 


82 
27 


81 26 


8025 


Al 34 


AO 33 


ORDERING INFORMATION 


The following 
informatiom 
is required 
when 
ordering 
a 
custom 
MCU. 
This 
information 
may 
be 
transmitted 
to 
Motorola 
in any of the following 
media: 


PROM(s) 
MOOS disk file 


To initiate a ROM pattern for the MCU, it is necessary to 
first contact your local field service office, local sales person 
or your local Motorola 
representative. 


PROMs - 
The MCM2708 or MCM2716 type PROMs, pro- 
grammed 
with 
the customer 
program (positive logic sense 
for address and data), 
may be clearly marked to indicate 
which 
PROM 
corresponds 
to 
which 
address 
space 
($OOO-$FFFHEX). See Figure 23 for recommended 
marking 
procedure. 


After PROM Is) are marked, they should be placed in con- 


ductive 
IC carriers 
and 
securely 
packed. 
DO NOT 
USE 


STvROFOAM. 


MOOS DISKFILE 
- 
The diskette 
delivered to Motorola 
should be single sided, single density with a minimum of the 
operating 
system on disk and the user's program on disk in 
the ".LX" 
format. 
All other information 
is extra. The user 
should indicate clearly the name of the program. 


Option List 


Select the options for your MCU from the following 
list. A 


manufacturing 
mesk will be generated from this information. 


ROM Mask 
Timer Clock Source 
Internal 4>2clock 
TIMER input pin (8) 


Timer Prescaler 
zO (divide by 1) 
21 (divide by 2) 
22 (divide by 4) 
23 (divide by 8) 


~ 
(divide by 16) 
25 (divide by 32) 
26 (divide by 64) 
27 (divide by 128) 


Internal Oscillator Input 
Crystal 
Resistor 


Low Voltage Inhibit 
Disable 
Enable 


THE GROWING M6805 FAMILV 
FUTURE PRODUCTS 


M6805 Family Syetam Configuration 
MC6805P2 
MC146l106E2 
MC6805R2 
MC6806U2 
MC68705P3 
MC146805G2 
And 
Programmina 
Features 


Technology 
HMOS 
CMOS 
HMOS 
HMOS 
HMOS 
l.:MO:; 


Number 
of Pins 
2B 
40 
40 
40 
28 
40 
On-Chip RAM IBytes) 
64 
112 
64 
64 
112 
112 
On-Chip User ROM IBYles) 
1.1 k 
None 
2k 
2 k 
1.8k EPROM 
2.2 k 


Expansion 
Bus 
None 
Yes 
None 
None 
None 
None 


Bidirectional 
I/O 
Lines 
20 
16 
32 
32 
20 
32 
I/O Options 
None 
None 
AID 
Converter 
None 
None 
None 


Software 
Compatibility 
Similar to MEXlX.> 


True Bit Manipulation 
Yes 
I 
Yes 
I 
Yes 
I 
Yes 
ves 
Ves 


Instructions 
59 
I 
61 
I 
59 
I 
59 
59 
61 
Ten Addressino Modes 
Yes 
I 
Yes 
I 
Yes 
I 
Ves 
Ves 
Ves 


Customer 
Name 
_ 


Address 


City 
Phone ( 
) 


Contact Ms/Mr 


Customer 
Part Number 


________________ 
State 


______________ 
Extension 


2708 PROM 


.2716 PROM 


MOOS Disk File 


(Note 2) 


Signature 
_ 


Title 
_ 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
715-05 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
50.29 
51.31 
1.980 
2.020 
B 
14.63 
15.49 
0.576 
0.610 
C 
3.05 
4.32 
0.120 
0.170 
D 
0.38 
0.53 
0.015 
0.021 
F 
0.76 
1.40 
0.030 
0.055 
G 
254 asc 
0.1008SC 


J 
0.20 
0.33 
0.008 
0.013 


K 
2.54 
4.19 
0.100 
0.165 
L 
14.99 
15.65 
0.590 
0.616 
M 
- 
100 
- 
100 


N 
1.02 
1.52 
0.040 
0.060 


NOTES: 


1. OIMENSION[AJIS 
DATUM. 


2. PDSITIONAL TOLERANCE FOR LEADS: 


I~1025 (0010) el T IA(f:4) I 


3. rn IS SEATING PLANE. 
4. DIMENSION "L" TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 


5. DIMENSIONING AND TOLERANCING 
PER ANSI YI4.5. 1973. 


~:::::::::::::::::] 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
711-01 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
51.69 
52.45 
2.035 
2.065 
B 
13.72 
14.22 
0.540 
0.560 
C 
3.94 
5.08 
0.155 
0.200 
0 
0.36 
056 
0.014 
0.022 
F 
102 
1.52 
0.040 
0.060 
G 
2.54 BSC 
0.100 BSC 
H 
1.65 
2.16 
0.065 
0.OB5 
J 
0.20 
0.38 
0.008 
0.015 
K 
2.92 
3.43 
0115 
0.135 
L 
15.24 BSC 
0.600 BSC 
M 
0° 
15° 
0° 
15° 
N 
0.51 I 
102 
0.020 
0.040 


NOTES: 
1. POSITIONAL TOLERANCE OF LEADS (0). 


SHALL 8E WITHIN 0.25 mm (0.010) AT 
MAXIMUM MATERIAL 
CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 


2. DIMENSION L TO CENTER OF LEAOS 
WHEN FORMEO PARALLEl. 


3. OIMENSION B OOES NOT INCLUOE 
MOLD FLASH. 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
51.31 
53.24 
2.020 
2.096 
B 
12.70 
15.49 
0.500 
0.610 
C 
4.06 
5.84 
0.160 
0.230 
0 
0.38 
0.56 
0.015 
0.022 
F 
1.27 
165 
0.050 
0.065 
G 
2.54 BSC 
0.1008SC 
J 
0.20 
0.30 
0.008 
0.012 
K 
3.18 
4.06 
0.125 I 0.160 
L 
15.24 BSC 
0.600 BSC 
M 
5° 
15° 
5° 
15° 
N 
0.51 
1.27 
0.020 
0.050 


S SUFFIX 


CERDIP 
PACKAGE 


CASE 
734-Q3 


NOTES: 


1. 
DIMENSIDN-A-IS DATUM. 


2. 
POSITIONAL TOLERANCE 
FOR LEADS: 
I .•. I • 0.25 (0.010) @ I T IA @ I 


3. rn IS SEATING PLANE. 
4. 
DIMENSION L TO CENTER 
OF LEADS WHEN FORMED 
PARALLEl. 


5. 
DIMENSION A AND B 
INCLUDES MENISCUS. 


Motorola 
reserves 
the 
fight 
to make 
changes 
to any products 
herein 
to Improve 
rellab,lIty. 
funCllon 
or deSign 
Motorola 
does 
not assume 
any liability 
arising 
out 
of the 
application 
or use of any 
product 
or Circuit 
deSCribed 
herein, 
neither 
does 
It convey 
any license 
under 
lIS patent 
rights 
nor the 
rights 
of others 


8-BIT MICROCOMPUTER 
UNIT WITH PLL LOGIC 


The 
MC6805T2 
Microcomputer 
Unit 
(MCU) with 
PLL logic is a 
member 
of the 
M6805 
Family 
of microcomputers. 
This 8-bit 
micro- 
computer 
contains 
a CPU, 
on-ehip 
clock, 
ROM, 
RAM. 
I/O, 
timer 
and 
PLL logic. 
It is designed 
for the 
user who 
needs 
an economical 
microcomputer 
with 
the 
proven 
capabilities 
of 
the 
M6800-based 
instruction 
set, as well as the 
necessary 
logic required 
for frequency 
synthesis 
applications. 
The following 
are some 
of the 
hardware 
and 
software 
highlights 
of the MCU. 


HARDWARE 
FEATURES: 


• 
8- Bit Arch itectu re 


• 
64 Bytes of RAM 


• 
Memory 
Mapped 
I/O 


• 
2500 
Bytes of User ROM 


• 
Internal 
8-Bit Timer 
with 
7-Bit prescaler 


• 
Timer 
Start/Stop 
Select 


• 
Timer 
Clock 
Source 
Select 


• 
Vectored 
Interrupts-External 
and Timer 


• 
19 TTL/CMOS 
Compatible 
I/O Lines; 


8 Lines LED Compatible 


• 
On-Chip 
Clock 
Circuit 


• 
Self·Check 
Mode 


• 
Master 
Reset 


• 
Complete 
Development 
System 
Support 
on EXORciser 


• 
5Vdc 
Single Supply 


• 
14-Bit 
Binary 
Variable 
Divider 


• 
10-Stage 
Mask-Programmable 
Reference 
Divider 


• 
Three-State 
Phase and Frequency 
Comparator 


• 
Suitable 
for TV Frequency 
Synthesizers 


SOFTWARE 
FEATURES; 


• 
Similar 
to M6800 


• 
Byte Efficient 
Instruction 
Set 


• 
Easy to Program 


• 
True 
Bit Manipulation 


• 
Bit Test and Branch 
Instructions 


• 
Versatile 
Interrupt 
Handling 


• 
Powerful 
Indexed 
Addressing 
for Tables 


• 
Full Set of Conditional 
Branches 


• 
Memory 
Usable as Registers/Flags 


• 
Single 
Instruction 
Memory 
Examine/Change 


• 
10 Powerful 
Addressing 
Modes 


• 
All Addressing 
Modes Apply 
to ROM, RAM and 
I/O 


MC6805T2 


(HIGH 
DENSITY 
N-CHANNEl. 
SILICON-GATE 


DEPLETION 
LOAD) 


8-BIT MCU 
WITH PLL LOGIC 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 71002 


FIGURE 
1 - 
PIN ASSIGNMENTS 
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COUNlt. 
• COM!' 


'0' 
lOW 
rel 


Rating 
Symbol 
Value 
Unit 


SUJ1PlyVoltage 
VCC 
-03 
10 .70 
Vdc 


Input Voltage 
Vin 
-03 
to .70 
Vdc 


Operating 
Temperature 
Range 
TA 
o to 70 
'c 


Storage Temperature 
Range 
TSI9 
-55 to ., 50 
'c 


Thermal 
ReSIstance 
Plastic Package 
8JA 
85 
'C/W 


ThiS deVice contains 
ClrCUltrv to protect 
fhe Inputs 


agalnSI damage 
due 10 high SialiC \/ollagesor 
electriC 


fields 
howpver 
IllS adVIsed lhat 
normal 
preCall1l0ns 


Ill' litkp.n 1o avoid appllC;lllon 
of any volTage hlgtwr 


than m(l";lmlJm ralf'd vollages to IhlS hIgh Impedance 
Cifelli! 
For proper operatIon II ISfNommenc1ed 
Ihal 


V1naocl VallI be constrained 
10fhe fi'lngeVss 
(Vlnor 


Valli! 
• VCC 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input HIgh Voltage 
RESET 
VIH 
4.0 
- 
VCC 
Vdc 


INT 
VIH 
- 
22 
- 
Vdc 


All Othe' 
Except Fin 
VIH 
VSS .20 
- 
VCC 
Vdc 


Input High Voltage 4>CQMP 
Normal Mode 
VIH 
- 
- 
VCC 
Vdc 


Self·Check 
Mode 
VIH 
- 
90 
150 
Vdc 


Input Low Voltage 
RESET 
VIL 
VSS - 0 3 
08 
Vdc 


INT 
VIL 
- 
20 
- 
Vdc 


All Other 
Except Fin 
VIL 
VSS - 0 3 
- 
VSS' 
0 8 
Vdc 


INT HysteresIs 
VH 
- 
100 
- 
mVdc 


Power DIssipation 
Po 
- 
350 
- 
mW 


Ch.recteristic 
Symbol 
Min 
Typ 
M.,. 
Unit 


Input Capacitance 
Cin 
- 
10 
- 
pF 


AC Coupled Input Voltage Swing 
Fin 
VFIP 
0.5 
1.2 
- 
Vac P'i> 


Input Current (VIH = VCC) 
Fin 
IFH 
- 
- 
40 
~Adc 


Output 
LO Current (VOL' 
1.0 Vdel 
<t>COMP 
'CML 
- 
300 
- 
~Adc 


Output 
HI Current (VOH = VCC-l 
Vdc) 
<t>COMP 
ICMH 
- 
200 
- 
~Adc 


Leakage Current (VIN : Vcci 
<t>COMP 
IOFF 
- 
2 
- 
nAdc 


Charging Current on Reset 
Vi - 0.8 V, VCC = 4.5 V 
IlL 
4 
- 
- 
~A 


Vi' 
0.8 V, VCC - 5.5 V 
IlL 
- 
- 
50 
~A 


Reset Input SChmitt Trigger Switching Levels 
VIH 
2.0 
- 
4.0 
Vde 


VIL 
- 
- 
0.8 
Vdc 


Sink Current on Interrupt 
Pin (VQ:: 4.5 V. VCC" 
5.5 V) 
liNT 
- 
20 
- 
~A 


Switching Points on Interrupt 
Pin 
VIL 
- 
- 
1.5 
V 


VIH 
4.0 
- 
- 
V 


Ch.rKteristic 
Symbol 
Min 
Typ 
Ma. 
Unit 


Clock Frequency 
lei 
0.4 
- 
4.0 
MHz 


Cycle Time 
tCYC 
1.0 
- 
10 
~s 


INT Pulse Width 
tlWL 
tCYC + 250 
- 
- 
ns 


RESET Pulse Width 
tRWL 
tCYC + 250 
- 
- 
ns 


Delay Time Reset (External Cap :: 0.47 jJF) 
tRHL 
20 
50 
- 
'TIS 


Input Frequency 
Fin 
1 
- 
16 
MHz 


Input Frequency Rise Time at Fin max. 
tlNR 
- 
- 
20 
ns 


Input Frequency Fall Time at Fin max. 
tlNF 
- 
- 
20 
ns 


Duty Cycle 
OF IN . 
40 
- 
60 
% 


Injection Pulse Active Time 
terr 
- 
70 
- 
ns 


Characteristic 
I 
Symbol I 
Min 
I 
Typ 
I 
Max 
I 
Unit 


Port A 


Output 
Low Voltage 
VOL 
- 
- 
04 
Vde 


Iload 
= 1 6 mAde 


Output 
High Voltage 
VOH 
24 
- 
- 
Vde 


Iload 
0 -100 
!JAde 


Output 
HIgh Voltage 
VOH 
35 
- 
- 
Vde 


I'oad 
0 -10 !JAde 


Input High Voltage 
V,H 
VSS ·20 
- 
VCC 
Vde 


Iload 
0 -300 
!JAde (maxi 


Input Low Voltage 
V,L 
VSS - 03 
- 
VSS ·08 
Vde 


Iload 
= -500 #JAde(maxi 


Port 8 


Output 
Low Voltage 
VOL 
- 
-' 
04 
Vde 


Iload = 32 
mAde 


Output 
Low Voltage 
VOL 
10 
Vde 


Iload 
= 10 mAde (sink) 


Output 
High Voltage 
VOH 
24 
- 
- 
Vde 


Itoad = -200 
uAde 


DarlIngton 
Current 
Drive (Source) 
'OH 
-10 
- 
-10 
mAde 


Vo 
0 1 5 Vde 


Input HIgh Voltage 
V,H 
VSS • 20 
VCC 
Vde 


Input Low Voltage 
V,L 
VSS 
03 
- 
VSS' 
0 8 
Vde 


Output Low Voltage 
Val 
- 
- 
0.4 
Vdc 


Iload = 1.6 mAde 


Output High Voltage 
VOH 
2.4 
- 
- 
Vdc 


Iload = -100 pAdc 


Input High Voltage 
VIH 
VSS + 2.0 
- 
VCC 
Vdc 


Input Low Voltage 
Vll 
VSS - 0.3 
VSS+ 0.8 
Vdc 


Off· State Input Current 


Three-State Ports B & C 
ITSI 
I 
- 
I 
2 
I 
20 
pAdc 


Input Current 


Extl at Vin = 0.1 V 
lin 
I 
- 
I 
40 
I 
- 
I pAdc 


SIGNAL 
DESCRIPTION 


The input and output signals for the MCU shown in 
Figure 1 are described In the following paragraphs. 


VCC AND VSS - 
Power ISsupplied to the MCU uSing 


these two pins 
VCC IS +5.00 Vdc 
10.5 V VSS IS the 
ground 
connection. 


INT - 
ThiS pin provides the capabilily for applying an 


external Interrupt to the MCU Refer to INTERRUPTS for 
addillonal 
information 


XTAL AND EXTAL - 
These pinS provide control Input 
for the on-chip clock Circuit. A crvstal (AT cut. 4 MHz 
maximum) can be connected to these pins to provide the 
internal oscillator. 
Refer to INTERNAL 
OSCILLATOR 


for recommendations about these pins. 


4>COMP-This tristate output isthe result of comparing the 
internal reference frequency to the variable divider signal. 
Refer to PLL for details. In Self Test it is raisedto >9 Vdc. 


RESET - 
ThiSpin allows resetting of the MCU at times 
other 
than 
the 
aUlomiltlC 
resetting 
capability 
already 
In 
the MCU Refer to RESETS for addilional ,nforillation 


NUM - 
This pin ISnot for user applicatIOn and should 
be connected to VSS. 


INPUT/OUTPUT 
LINES (AO-A7. Bo-B7. 
CO-C2)- 


These 19 lines are arranged Into two a·blt ports (A and B) 
and one 3·blt port (CI. All lines are programmable 
as 


either 
mputs 
or outputs 
under 
software 
control 
of the data 


direction 
regIsters. 
Refer to INPUTS/OUTPUTS 
for 


additional 
mformatlon 


MEMORY 
The MCU memory ISconfIgured as shown In Figure 6 


Durmg 
the processmg 
of an mterrupt, 
the contents 
of the 


MCU registers are pushed onto the stack In the order 
shown 
m Figure 
7 
Since 
the 
stack 
pOinter 
decrements 


during pushes. the low order byte (PCl) of the program 
counter 
IS stacked 
f.rst. 
then 
the 
high 
order 
three 
bits 


(PCH) 
are Slacked 
ThiS ensures 
that the program 
counter 


IS loaded correctly 
as the stack pOinter 
Increments 
when.t 
pulls 
data from the stack 
A subroutine 
call will 
cause only 


the 
program 
counter 
(PCH, PCl) 
contents 
to bt-' pushed 
onto 
the stack 


Fin - This is a self biased clock input from the high speedvariable divider, requiring min. 0.5 Vpp AC 
coupled input signal, frequency range is 1 to 16 MHz. 
• 


REGISTERS 


The 
MCU 
has 
f,ve 
reg,sters 
available 
to 
111e 
programmer 
They 
are 
shown 
In 
Figure 
8 
and 
are 
explained 
In the 
following 
paragraphs 


ACCUMULATOR 
(AI - 
The accumulator ,s a general 


purpose 
8-hlt 
reglsler 
used to hold operands and resulls 


of arithmetic 
calculations 
or data 
manipulations. 


INDEX REGISTER (XI - 
The rndf'x reg,st"r ,s an 8 bit 


re9ISf(~r lIsed for the Indexed 
addressing 
mode 
It contains 


an 8 Il,' address that may be added to an offset value to 
creatp 
an effecllve 
address Th~ Index register can also he 


used 
for 
lI/1l1ted 
caiculalu>os 
and 
data 
manllHIIC1110ns 


when 
uSing 
rend 
modify 
write 
instructions 
When 
nol 


le<1l1lred 
hy a code 
st'ClUf'nCe 
being 
executeci. 
the 
Index 
reqlstt'r 
can 
he used 
as a temporary 
storage 
area 


PROGRAM 
COUNTER 
(PCI - 
The program counter 


IS an 12 
bit register 
that 
contains 
tile addrt'ss of Ihl' 
next 
Inslructlon 
to he expcuted 


STACK POINTER (SP) - 
The stack pornter ,san 12 b,t 
re~w:;ter that 
contains 
tile 
address 
of the next free loeatton 


on tile 
sUlek 
InitIally. 
the 
stack 
pOinter 
IS set to localton 
S07F and ISdecremented 
as data ISbeIng pushed 
onto lh~ 


stack 
and 
Incremented 
as data 
IS being 
pulled 
from 
the 


stack. The seven most significant bits of the stack pointer 
are permanently set to 0000011. During a MCU reset or 
the reset stack pointer (RSP) instruction, the stack pointer 
is set to location $07F. Subroutines and interrupts may be 
nested 
down 
to 
location 
$061 
which 
allows 
the 
programmer to use up to 15 levels of subroutine calls. 


CONDITION 
CODE REGISTER (CC) - 
The condit,on 


code register 
IS a 5-bit 
register 
In which 
each bIt is used to 
mdicate 
or 
flag 
the 
results 
of 
the 
instruction 
Just 
executed. 
These bits can be ,ndividually 
tested by a 
program 
and 
specific 
action 
taken 
as a result 
of 
their 


state 
Each 
individual 
condition 
code 
register 
bit 
is 
explained in the following 
paragraphs. 


Half Carry (H) - 
Used dUring arithmetic 
operat,ons 
(ADD and ADCI to indicate that a carry occurred between 
bits 3 and 4. 


Interrupt 
(I) 
- 
ThIS 
bl! 
IS set 
10 mask 
the 
fUller 
and 
l'xternal 
1I111'rrupt (INT) 
If an mfprrllpt 
occurs 
whIle 
II1Is 


bit IS St't II IS li1tclH'd 
Clnd WIll ht~processed 
as soon as the 


Interrupt 
hll 
IS reset 


Negative 
(N) 
- 
Used 
to II1du"ale 
that 
Ihp. rpsult 
of the 


IClst cUllhmeIH:. 
loglC'al or nata nlilllllHlliltlon 
wetS 
np~.FllIVt' 


(hI! 
7 In rl'sult 
eqllal 
to a logIei'll 
onl') 


Zero (Z) - 
Used to indicate that the result of the last 
arithmetic. 
logical 
or data 
manipulation 
was 
zero. 


Carry/Borrow 
(C) - 
Used to indicate that a carry or 


borrow out of the arithmet,c 
logic unit (ALUI occurred 


durlllg 
the 
last 
anthmetlc 
operatIon. 
ThiS 
bit 
IS also 


affected 
during 
bit 
test 
and 
branch 
instructIons, 
shifts, 


and 
rotates. 


TIMER 
The MCU t,mer circuitry,s 
shown in Figure 9 The 8·b't 
counter 
is loaded 
under 
prog;"am 
control 
and counts 
down 


toward zero as soon as the clock Input is applied. When 
the timer 
reaches 
zero the timer 
interrupt 
request 
bit (bit 


71,n the timer control register ,sset. The MCU responds to 
this 
,nterrupt 
by savrng the present MCU state In the 
stack, 
fetching 
the 
timer 
Interrupt 
vector 
from 
locations 
$FF8 and $FF9 and execut,ng the Interrupt routrne 
The 


timer 
interrupt 
can 
be 
m'asked 
by 
setting 
the 
llmer 


rnterrupt mask b,t (bit 61,n the t,mer control register 
The 


,nterrupt bit (I bit) rn the condition code reg'ster w,lI also 
prevent 
a timer 
interrupt 
from 
belllg 
processed 
The timer's 
clock 
input can be monitored 
via bit 5, 


(TCR51. in the timer control 
register. When this bit is set 


high, logical one, (external mode), the timer clock source 
is dependant on port COstatus. In this mode a mask option 
is used to select either a) the gated <1>2 
with port COstatus, 
or b) the positive transition on port COas the timer clock 
source. This allows easily performed pulse width or pulse 
count 
measurements. 


When TCR5 is low, logical zero, the timer clock source 


is internal 
<1>2. At power up reset this bit is reset to logical 


zero. 


Bit 4 in the timer control register (TCR4) disables the 


timer 
clock 
source when set to logical one. This bit is 
cleared to logical zero at power up reset. 


RESETS 
The MCU can beresettwo ways: by the external reset 


input (RESET) and during the power up time. See Figure 
11. 


Upon 
power 
up, a minimum 
of 
20 milliseconds is 
needed before allowing the reset input to go high. This 
time allows the internal oscillator to stabilize. Connecting 
a capacitor to the RESET input asshown in Figure 12 will 
provide sufficient delay. 


INTERNAL 
OSCILLATOR 


The internal 
oscillator 
circuit 
has been designed to 
require a minimum of external components. The useof a 
crystal 
(AT cut, 4 MHz maxI is sufficient 
to drive the 


internal oscillator. 
The different 
connection methods are 
shown in Figures 13and 14 while the crystal specifications 
are given in Figure 15. 


7 
6 
6 
4 
3 
2 
1 
0 


I/O Ports. 
RAM 
SOOO 
Port 
A 
$000 
PLL. 
Timer 
Port 
B 
127 
S07F 
$001 


'28 
$080 
$002 
ROM-Direct 
Access 
, 
1 
1 
1 
1 
POrt 
C 


255 
1128 bytes) 


SOFF 


256 
$'00 
NOT 
USED 
$003 


ROM 
\ 


Port 
A DOR 
$004" 
(1792 byt's) 
Port 
BOOR 
$005" 
2047 
S7FF 
2048 
$BOO 
Port 
C 
$006' 
NOT 
USED 
OOR 


2175 
$B7F 
$007 


2176 
$B80 
$OOB 


Future 
ROM 
(1216 
bytes) 
1 , 
1 
1 
SOO9 


3J91 
$03F 
$OOA 


3392 
$040 
ROM 
$008 
3971 
(580 bytes) 
$F83 
$OOC 
" 
3972 
$F84 
Write 
Only 
Registers - 
Read! 


Test 
ROM 
(116 
byt.s) 
S03F 
Modify/Write 
operations, 
BCLR, 


4087 


(Not 
Av.ilable 
to User) 
$FF7 
$040 
BTEST 
or BSET 
instructions are 


4088 
Interrupt 
Vectors 
(8 bytes) 
$FF8 
not recommended. All reads cause 


4095 
SFFF 
S07F 
Hex 'FF' to result. 


oI AccUl1lulalllf 


o 


:===================/Inde 
.. Reglsl('1 


I 
CONDITION 


1 
1 
, 
caOE 
REGISTER 


ACCUMULATOR 


INDEX 
REGISTER 


, 
1 
1 '1 
pew 


PCL' 


" 
0 


1 
p_r 
~1Pfograrn 
eCHlIllt" 


11 
5 
4 


10101010101'1,1 


utMR.rDLI 
r , 
IL 
. 


PORT CO 


(SEE FIG.II) 


1 
TIMER INTERRUPT 


REG. 


I 
TIMER 
INTERRUPT 


MASK 


EXTERNAL 
j iNT 


2iNT 


..r-f 
o.41~f 
21 REsET 


..r-f 
..r-f 
21'" 
I 


+ 
vce 


1 CI 


t C, 


10 C2 


I' 
FIN 
vce. 
PlN3 
vss. PfH1 


NOTE: O.47~f_ 
APPROXIMATELY 5••••• 
DELAY 


27Pf:r 


5 EXTAL 


EXTERNAL 


CLOCK 
INPUT 


XTAL~~EXTAL 


4 
~ 
- 
5 


AT 
Cut Prtrallel 
Resonance 
Crystal 


Co 
7 pF Mall; 


FREQ 
40 
MHz 
(0 
Cl 
24 pF 


AS'" lOOn Max 


INTERRUPTS 


TIlt' 
MCU 
ean 
ht' 
Interrupted 
three 
different 
ways 


1I1I0llyl1 the t~)(terllal 
mt~rrllpt 
(INT) Input 
pm. the Internal 


tllller 
IIlterrupt 
request. 
and 
a 
software 
Interrupt 


Instrllctlon 
(SWI) 
Wilen 
any 
Interrupt 
occurs. 
processing 


IS sllspended. 
the 
present 
MCU 
state 
1$ pushed 
onto 
the 


stack. 
the 
Interrupt 
bIt (I) In the 
condition 
code 
register 
IS 


set, 
the 
address 
of the 
Interrupt 
routine 
is obtained 
from 


the 
appropriate 
Interrupt 
vector 
address. 
and the Interrupt 


routine 
IS· executed. 
The 
Interrupt 
serVice 
routines 


normally 
end 
with 
a return 
from 
Interrupt 
(RTI) instruction 
which 
allows 
the 
MCU 
to 
resume 
processing 
of 
the 
program 
prior 
to the 
Interrupt. 
Table 
1 provides 
a listing 
of 
the 
interrupts, 
their 
priority, 
and 
the vector 
address 
that 


contain 
the 
startIng 
address 
of the 
appropriate 
interrupt 


rout me 
A s,nusod,al 
signal 
(1 kHz 
maximum) 
can 
be used 
to 


generate 
an 
external 
mterrupt 
(INT) 
as shown 
In Figure 


16 


A 
flowchart 
of 
the 
interrupt 
processing 
sequence 
IS 


given 
In Figure 
17. 


Interrupt 
Priority 
Vector 
Address 


REm 
, 
$FFE and $FFF 
SWI 
2 
$FFC and $FFD 


INT 
3 
$FFA 
and $FFB 


Timer 
4 
$FF8 
and $FF9 


INPUT /OUTPUT 


There 
are 
19 
mput 
output 
pins 
All 
PinS 
are 


programmable 
as either 
Inputs or outputs 
under 
software 


control 
of the 
data 
direction 
registers 
When 
programmed 
as 
outputs, 
all 
1/0 
pins 
read 
latched 
output 
data 


regardless 
of the 
logic 
level 
at the output 
pin due 
to output 
loading 
(see Figure 
18l 
When 
port 
B IS programmed 
for 


outputs. 
It is capable 
of Sinking 
10 milliamperes 
on each 
pin 
(one 
volt 
maxlmuml 
All 
Input 
output 
lines 
are TTl 


compatible 
as 
both 
Inputs 
and 
outputs 
Port 
A lines 
are 


CMOS 
compatible 
as outputs 
while 
port 
Band 
C lines 
are 


CMOS 
compatible 
as 
Inputs 
Figure 
19 
provides 
some 


examples 
of port 
connections 


210 
4 VAC I 


Peak 
10 Ppak 
1 IlF 


(I 
kHz 
MaxI 


I:P~I~2 
(1 
kHz 
Max} 
R 


01 
J,lF 


-, 


7F ·Sp 


o 
. DDR"s 


CLA 
INT 
logic 


FF 
. rimer 


7 F 
. Prescaler 
4F 
- TCR 


Data 
Direction 
Output 
Input 


To Timer 
Register 
Data 
Output 
To 


Clock 
10< Por1 CO 
Bit 
Bit 
State 
MCU 


1 
0 
0 
0 
1 
1 
1 
1 
0 
X 
3-State 
Pm 


BIT MANIPULATION 
The 
MCU 
has 
the 
ability 
to 
set 
or 
clear 
any 
single 


random 
access 
memory 
or 
Input/output 
bit 
(except 
the 


data 
direction 
registers) 
with 
a single 
Instruction 
(BSET, 


BCLRj 
Any 
bit In the page zero read only 
memory 
can be 
tested, 
uSing the BRSET and BRCLR Instructions, 
and the 
program 
branches 
as a result 
of Its state 
This capabIlity 
to 


work 
with 
any bit In RAM, 
ROM or I/O 
allows 
the user to 
have 
Individual 
flags 
In RAM 
or to handle 
single 
I/O 
bits 


as control 
lines 
The 
example 
In Figure 
20 
Illustrates 
the 


usefulness 
of the 
bit manipulation 
and 
test 
IOstructlons 


Assume 
that 
bit 0 of port A 
1$ connected 
to a zero crossing 
detector 
c.rcult 
and 
that 
bit 1 of port A IS connected 
to the 
trrgger 
of a TRIAC which 
powers 
the controlled 
hardware 


ThiS program, 
which 
uses 
only 
seven 
ROM 
locations. 


provides 
turn-on 
of the 
TRIAC 
wIthin 
14 microseconds 
of 


the 
zero 
crossing. 
The 
timer 
could 
also 
be Incorporated 
to 


MC14049 '4069 


CMOS 
Inverter 


(lyplCall 


provide 
turn-on 
at some 
later 
time 
which 
would 
permit 


pulse-wIdth 
modulation 
of the 
controlled 
power 


ADDRESSING 
MODES 
The MCU has ten addressing 


modes 
available 
for 
use 
by the 
programmer 
They 
are 
explained 
and 
r1lustrated 
brrefly 
In 
the 
following 


paragraphs 


SELF 
1 
BRCLR 
0 
PORTA 
SELF 
1 


BSET 
1 
PORTA 


~CLR 
1 
PORTA 


IMMEDIATE 
- 
Refer to Figure 21. The immediate 
addressing 
mode 
accesses 
constants 
which 
do 
not 


change 
during 
program 
execution. 
Such 
instructions 
are 


two bytes long. The effective address lEA) is the PC and 
the operand is fetched from the byte following the opcode. 


DIRECT - 
Refer to Figure 22. In direct addressing, the 


address of the operand IScontained In the second byte of 
the 
instruction 
Direct addressing 
allows 
the usel 
to 


directly address the lowest 256 bytes in memory. All RAM 
space, 1/0 registers and 128 bytes of ROM are located In 
page zero to take advantage of this efficient 
memory 


addressing mode. 


EXTENDED 
- 
Refer 
to 
Figure 
23. 
Extended 


addressmg 
IS used to reference 
any location 
In memory 
space The EA ISthe contents of the two bytes following 


the 
opcode 
Extended 
addressIng 
Instructions 
are 
three 
bytes long 
RELATIVE 
- 
Refer 
to 
Figure 
24 
The 
relative 


addres'smg 
mode 
applies 
only 
to the 
branch 
InstructIOns 


In thiS mode the contents of the byte following the opcode 


1$ added 
to the program 
counter 
when 
the branch 
is taken 
EA = (PCI + 2 + ReI. Rei IS the contents of the location 


following 
the 
instruction 
opcode 
with 
bit 7 being 
the 
sign 
bit If the branch ISnot taken Rei = 0, when a branch takes 


place. 
the 
program 
goes 
to somewhere 
within 
the 
range 
of 
+ 129 bytes to -127 of the present instruction. 
These 


Instructions 
are 
two 
bytes long 


INDEXED 
(NO OFFSET) - 
Refer to Figure 25 ThiS 
mode of addressing accesses the lowest 256 bytes of 
memory 
These instructions 
are 
one 
byte 
long 
and 
their 


EA 
1$ the 
contents 
of the 
Index 
register. 


INDEXED 
(8·BIT OFFSET) - 
Refer to Figure 26. The 


EA IS calculated 
by adding the contents 
of the byte 


following the opcode to the contents 'Ofthe index register. 


In this 
mode. 
511 
low 
memory 
locations 
are 
accessable. 


These instructions 
occupy two bytes. 


INDEXED 
(16·BIT 
OFFSET) - 
Refer to Figure 27. 


This addressing mode calculates the EA by adding the 
contents 
of the two bytes following 
the opcode to the 


Index 
reyister 
Thus, 
the 
entire 
memory 
space 
may 
be 


accessed 
Instructions 
whIch 
use 
thiS 
addressing 
mode 


are three bytes long. 


BIT SET/CLEAR 
- 
Refer to figure 28 ThiS mode of 


addressing 
applies 
to instructions 
which 
can 
set or clear 
any 
bit on page 
zero. 
The 
lower 
three 
bits 
in the 
opcode 


specify the bit to be set or cleared while the byte following 


the 
opcode 
specifies 
the 
address 
In page 
zero 


BIT TEST AND BRANCH 
- 
Refer to Figure 29 ThiS 


mode 
of addreSSing 
<lpplles 
to instructions 
which 
can test 
any bit In the first 256 locations (SOO-SFFIand branch to 
any location relative to the PC The byte to be tested IS 
addressed 
by 
the 
byte 
following 
the 
opeode 
The 


Individual bit within that byte to be tested ISaddressed by 
the lower three bits of the opcode The third byte ISthe 
relative 
address 
to be added 
to the 
program 
counter 
If the 


branch 
conditIon 
IS met 
These 
instructIons 
(ue 
three 


bytes 
long 
The 
value 
of the 
bit 
tested 
IS written 
to the 


carry 
bit In the 
condItion 
code 
register 


INHERENT - 
Refert6 Figure 30 The Inherent mode of 


addreSSing 
hCls no 
EA. 
All 
the 
Information 
necessary 
to 


execute 
an 
instructIOn 
IS contained 
In the 
opcode 
Direct 


operations 
on the 
accumulator 
and 
the 
Index 
register 
are 


Included 
In 'hiS 
mode 
of addressmg 
In addition, 
control 


instructions 
such 
as 
SWI 
RTI 
belong 
to thiS 
group 
All 


Inherent 
addreSSIng 
instructions 
are 
one 
byte 
long 
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B6 
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TABL. 
X 
075B 
E6 


I 


075C 
B9 


Prog 
Count 


075E 


CC 
, 
I 
I 
I 
I 


~ 
I 
I 
I 


I 
I 


I 
I 


~ 


()('02~" 
0693 
07 


flbq4 
IF 


I 
I 
CC 


1__ 
- 


I 
I 


~ 
I 
II 
I 


A,-- 


i 
I 
I 
I 


~ 


"..~ 


: 
IS 
I 
tI 
I 
I 


INSTRUCTION 
SET 


The MCU 
has a set of 59 basIc Instructions. 
They can be 
divided 
Into 
five 
different 
types: 
register/memory, 


read/modify/write. 
branch. 
bit 
manipulation. 
and 
control 
The 
following 
paragraphs 
brIefly 
explam 
each 
type. 
All 
the 
Instructions 
wlthm 
a 
given 
type 
are 
presented 
In Individual 
tables 


REGISTER/MEMORY 
INSTRUCTIONS 
- 
Most 
of 
these 
instructions 
use 
two 
operands. 
One 
operand 
is 
either 
the 
accumulator 
or the 
index 
register 
The 
other 
operand 
15 
obtamed 
from 
memory 
using 
one 
of 
the 
addressing 
modes 
The 
jump 
unconditional 
(JMP) 
and 
Jump to subroutine 
(JSR) instructions 
have 
no register 
operand 
Refer 
to Table 
2. 


READ/MODIFY 
/WRITE 
INSTRUCTIONS 
- 
These 
instructions 
read a memory 
location 
or a register. 
modify 
or test 
its contents, 
and write 
the modified 
value 
back to 
memory 
or to the 
register. 
The test 
for 
negative 
or zero 
(TST) 
instruction 
is 
an 
exception 
to 
the 
read/modify/ 


CCI~_- 


write 
Instructions 
since 
it does not 
perform 
the write. 


Refer 
to Table 
3. 


BRANCH 
INSTRUCTIONS 
The 
branch 


instructions 
cause 
a branch 
from 
the 
program 
when 
a 
certain 
condition 
IS met 
Refer 
to Table 
4. 


BIT 
MANIPULATION 
INSTRUCTIONS 
- 
These 


instructions 
are 
used 
on any 
bit in the first 
256 
bytes 
of 
the 
memory 
One 
group 
either 
sets 
or clears 
The 
other 
group 
performs 
the bit test 
and 
branch 
operations. 
Refer 
to Table 
5 


CONTROL 
INSTRUCTIONS 
- 
The 
control 


instructions 
control 
the MCU 
operations 
dUring 
program 
execution 
Refer 
to Table 
6 


ALPHABETICAL 
LISTING 
- 
The complete 
Instruction 
set IS given 
in alphabetical 
order 
in Table 
7 


OPCODE 
MAP 
- 
Table 
8 IS an opcode 
map 
for 
the 
instructIOns 
used 
on the 
MCU 


Addressing 
Modes 


Indexed 
Indexed 
Indexed 
ImmedIate 
Direct 
Extended 
(No 
Offset) 
18·Blt 
Offsetl 
116·B't 
Offset) 


Op 
• 
• 
Op 
• 
• 
OP . 
• 
Op . . 
OP 
• 
• 
OP . 
• 
Function 
Mnemonic 
Code 
Bvtes 
Cvcles 
Code 
Bvtes 
Cvcles 
Code 
Bytes 
Cvcles 
Code 
8vtes 
Cvcles 
Code 
Bvtes 
Cycles 
Code 
Bvtes 
Cvcles 


load 
A Irom 
Memory 
lOA 
A6 
2 
2 
B6 
2 
4 
C6 
3 
5 
F6 
1 
4 
E6 
2 
5 
06 
3 
6 


load 
X from 
Memory 
lOX 
AE 
2 
2 
BE 
2 
4 
CE 
3 
5 
FE 
, 
4 
EE 
2 
5 
DE 
3 
6 


Store 
A In Memory 
STA 
B7 
2 
5 
C7 
3 
6 
F7 
, 
5 
E7 
2 
6 
07 
3 
7 


Slore 
X In Memory 
STX 
BF 
2 
5 
CF 
3 
6 
FF 
, 
5 
EF 
2 
6 
OF 
3 
7 


Add 
Memory 
to A 
ADO 
AB 
2 
2 
B8 
2 
4 
CB 
3 
5 
F8 
1 
4 
EB 
2 
5 
08 
3 
6 


Add 
Memory 
and 


Carry 
to A 
AOC 
A9 
2 
2 
B9 
2 
4 
C9 
3 
5 
F9 
, 
4 
E9 
2 
5 
09 
3 
6 


Subtract 
Memory 
SUB 
AD 
2 
2 
BO 
2 
4 
CO 
3 
5 
FO 
1 
4 
EO 
2 
5 
00 
3 
6 


Subtract 
Memory 
from 


A wIth 
Borrow 
S8C 
A2 
2 
2 
82 
2 
4 
C2 
3 
5 
F2 
, 
4 
E2 
2 
5 
02 
3 
6 


AND 
Memory 
to A 
AND 
A4 
2 
2 
B4 
2 
4 
C4 
3 
5 
F4 
, 
4 
E4 
2 
5 
04 
3 
6 


OR 
Memory 
Wllh 
A 
ORA 
AA 
2 
2 
BA 
2 
4 
CA 
3 
5 
FA 
, 
4 
EA 
2 
5 
OA 
3 
6 


Exclusive 
OR 
Memory 


wllh 
A 
EOR 
A8 
2 
2 
B8 
2 
4 
CB 
3 
5 
F8 
, 
4 
EB 
2 
5 
DB 
3 
6 


Arithmetic 
Compare 
A 


with 
Memory 
CM? 
Al 
2 
2 
8' 
2 
4 
Cl 
3 
5 
Fl 
, 
4 
F, 
2 
5 
0' 
3 
6 


ArithmetIC 
Compare 
X 


with 
Memory 
COX 
A3 
2 
2 
B3 
2 
4 
C3 
3 
5 
F3 
, 
4 
E3 
2 
5 
03 
3 
6 


elt 
Test 
Memory 
Wllh 


A (log!cal 
Comparel 
BIT 
A5 
2 
2 
B5 
2 
4 
C5 
3 
5 
F5 
, 
4 
E5 
2 
5 
05 
3 
6 


Jump 
Unconditional 
JM? 
BC 
2 
3 
CC 
3 
4 
FC 
1 
3 
EC 
2 
4 
DC 
3 
5 


Jump 
to Subroutine 
JSR 
BO 
2 
7 
CO 
3 
8 
FO 
, 
7 
EO 
2 
B 
00 
3 
9 


AddreSSing 
Modes 


Indexed 
Indexed 


Inherent 
(A) 
Inherent 
(X) 
Direct 
(No 
Offset) 
18 Bit 
Offset) 


Op 
• 
• 
Op 
• 
• 
Op 
• 
• 
Op 
• 
• 
Op 
• 
• 
Function 
Mnemonic 
Code 
Bvtes 
Cycles 
Code 
Bytes 
Cvcles 
Code 
BVtes 
Cycles 
Code 
Bvtes 
Cvcles 
Code 
Bvtes 
Cvcles 


Increment 
INC 
4C 
, 
4 
5C 
, 
4 
3C 
2 
6 
7C 
, 
6 
6C 
2 
7 


Decremf"nt 
OEC 
4A 
, 
4 
5A 
1 
4 
3A 
2 
6 
7A 
, 
6 
6A 
2 
7 


Clear 
ClR 
4F 
, 
4 
5F 
1 
4 
3F 
2 
6 
7F 
, 
6 
6F 
2 
7 


Complemenl 
COM 
43 
1 
4 
53 
1 
4 
33 
2 
6 
73 
, 
6 
63 
2 
7 


Negate 


f2"s ComplemenO 
NEG 
40 
1 
4 
50 
, 
4 
30 
2 
6 
70 
, 
6 
60 
2 
7 


Rotate 
lelt 
Thru 
Carry 
ROl 
49 
, 
4 
59 
, 
4 
39 
2 
6 
79 
1 
6 
69 
2 
7 


Rotate 
Right 
Thru Carry 
ROR 
46 
, 
4 
56 
1 
4 
36 
2 
6 
76 
, 
6 
66 
2 
7 


lOglCill 
Shill 
It'lt 
lSl 
48 
, 
4 
58 
1 
4 
38 
2 
6 
78 
, 
6 
68 
2 
7 


LoglCitl 
Shill 
Right 
lSR 
44 
, 
4 
54 
, 
4 
34 
2 
6 
74 
, 
6 
64 
2 
7 


Arllhmf"IH7 
Shdt 
Rlqtll 
ASR 
47 
1 
4 
57 
1 
4 
37 
2 
6 
77 
, 
6 
67 
2 
7 


Test 
lor 
Nt-gallvt' 


01 Z."ll 
TST 
40 
, 
4 
50 
, 
4 
30 
2 
6 
70 
, 
6 
60 
2 
7 


Relative 
Addressing 
Mode 


Op 
# 
# 
Function 
Mnemonic 
Code 
Bytes 
Cycles 


Branch Always 
BRA 
20 
2 
4 


Branch Never 
BRN 
21 
2 
4 


Branch IFFHigher 
BHI 
22 
2 
4 


Branch IFFLower or Same 
BlS 
23 
2 
4 


Branch IFFCarry Clear 
BCC 
24 
2 
4 


(BranchlFFHigher or Same) 
(BHS) 
24 
2 
4 


Branch IFFCarry Set 
BCS 
25 
2 
4 


(Branch IFF Lower) 
IBlO) 
25 
2 
4 


Branch IFFNot Equal 
BNE 
26 
2 
4 


Branch 
IFF Equal 
BEG 
27 
2 
4 


Branch IFFHalf Carry Clear 
BHCC 
2B 
2 
4 


Branch IFFHalf Carry Set 
BHCS 
29 
2 
4 


Branch IFFPlus 
BPl 
2A 
2 
4 


BranchlFF Mmus 
BMI 
2B 
2 
4 


Branch IFFInterupt 
Mask 
Bit IS C1~ar 
BMC 
2C 
2 
4 


Branch IFFInterrupt 
Mask 
Bit IS Set 
BMS 
20 
2 
4 


Branch IFFInterrupt 
Line 


IS Low 
Bil 
2E 
2 
4 


Branch IFFInterrupt 
Line 


IS High 
BIH 
2F 
2 
4 


Branch to Subroutine 
BSR 
AD 
2 
B 


Addressing 
Modes 


Bit Set/Clear 
Bit Test and Branch 


Op 
# 
# 
Op 
# 
# 


Function 
Mnemonic 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch IFF Bit n IS set 
BRSEl 
n In 
0 0 
71 
- 
- 
2 
n 
3 
10 


Branch IFF BII n IS clear 
BRClR 
n In 
0 0 
71 
-- 
- 
01 
t 2 . n 
3 
10 


Set Bit n 
BSEl 
n (n - a 
71 
10,2· 
n 
2 
7 
- 
- 
- 


Clear bll n 
BCLR n In 
0 a 
71 
11 
-t 2 - n 
2 
7 
- 
- 
- 


Inherent 
Op 
# 
# 
Function 
Mnemonic 
Code 
Bytes 
Cycles 


Transfer 
A to X 
lAX 
97 
1 
2 


Transfer 
X to A 
lXA 
9F 
1 
2 


Set Carry Bll 
SEC 
99 
1 
2 


Clear Carry Bit 
ClC 
98 
I 
2 


Set Interrupt 
Mask Bit 
SEI 
9B 
I 
2 
Clear Interrupt 
Mask Bit 
Cli 
9A 
I 
2 
Software 
Interrupt 
SWI 
83 
1 
11 


Relurn 
from Subroutine 
RlS 
81 
1 
6 
Relurn 
from Interrupt 
Rli 
80 
I 
9 
Reset Stack POinter 
RSP 
9C 
I 
2 


No-Operation 
NOP 
90 
I 
2 


Addressing 
Modes 
Condition 
Code 


Bit 
Bit 
Indexed 
Indexed 
Indexed 
Set! 
Test 
llo 


Mnemonic 
Inherent 
Immediate 
Direct 
E)(tended 
Relative 
(No 
Offset) 
18 Bits) 
116 Bits) 
Clear 
Branch 
H 
I 
N 
Z 
C 


ADC 
X 
X 
X 
X 
X 
X 
" • " " " 
ADD 
X 
X 
X 
X 
X 
X 
" • " " " 
AND 
X 
X 
X 
X 
X 
X 
• • " " • 


ASL 
X 
X 
X 
X 
• • " " " 
ASR 
X 
X 
X 
X 
• • " " " 
BCC 
X 
• • • • • 
BCLR 
X 
• • • • • 
BCS 
X 
• • • • • 
BEG 
X 
• • • • • 
BHCC 
X 
• • • • • 


BHCS 
X 
• • • • • 
BHI 
X 
• • • • • 
BHS 
X 
• • • • • 
BIH 
X 
• • • • • 
BIL 
X 
• • •• • 
Bil 
X 
X 
X 
X 
X 
X 
• • " " • 
BLO 
X 
• • • • • 
BLS 
X 
• • • • • 
BMC 
X 
• •• • • 


BMI 
• • • • • 
BMS 
• • • • • 
BNE 
• • • • • 
BPL 
• • • • • 
BRA 
• • • • • 
BRN 
• • • • • 
BRCLR 
X 
• • • • " 
BRSEl 
X 
• • • • " 
BSET 
X 
• • • • • 
BSR 
X 
• • • • • 


CLC 
X 
• • • • 
0 


CLI 
X 
• 0 • • • 


CLR 
X 
X 
X 
X 
• • 0 
1 • 


CMP 
X 
X 
X 
X 
X 
X 
• • " " " 
COM 
X 
X 
X 
X 
• • " " 


1 


CPX 
X 
X 
X 
X 
X 
X 
• • " " " 
DEC 
X 
X 
X 
X 
• • " " • 
EOR 
X 
X 
X 
X 
X 
X 
• • " " • 
INC 
X 
X 
X 
X 
• • " " • 


JMP 
X 
X 
X 
X 
X 
• • • • • 


JSR 
X 
X 
X 
X 
X 
• • • • • 
LOA 
X 
X 
X 
X 
X 
X 
• • " " • 


LOX 
X 
X 
X 
X 
X 
X 
• • " " • 
LSL 
X 
X 
X 
X 
• • " " " 
LSR 
X 
X 
X 
X 
• • 0 " " 
NEG 
X 
X 
X 
X 
• • " " " 
NOP 
X 
• • • • • 
ORA 
X 
X 
X 
X 
X 
X 
• • " " • 
ROL 
X 
X 
X 
X 
• • " " " 
RSP 
X 
• • • • • 


Condliion Code Symbols 


H 
H,lll 
( illly 
(FlOlll 
BII 
3) 


I 
tnll'lIIJpl 
MiI~k 


N 
NI'~"IIVI' (Slqn 
Bill 


Z 
Zt'lll 


Carf\, 
Borrow 


11,...1 ilnd 
SI'I 
If T'llP 
CIPilfPd 
Qllwrwisi' 


NIII 
Afft'Cll'd 


Addressing 
Modes 
Condition 
Code 


Bit 
Bit 
Indexed 
Indexed 
Indexed 
Setl 
Test & 


Mnemonic 
Inherent 
l(Tlmediate 
Direct 
Extended 
Relative 
(No Offset) 
(B BitsJ 
(16 
Bits) 
Clear 
Branch 
H 
I 
N 
Z 
C 


RT! 
X 
, , , , , 


RTs 
X 
• • • • • 
sBC 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


sEC 
X 
• • • • 
1 


sEI 
X 
• 
1 • • • 
sTA 
X 
X 
X 
X 
X 
• • 


1\ 
1\ • 


sTX 
X 
X 
X 
X 
X 
• • 
1\ 
1\ • 
SUB 
X 
X 
X 
X 
X 
X 
• • 


1\ 
f. 
1\ 


sWI 
X 
• 
1 • • • 
TAX 
X 
• • • • • 
TsT 
X 
X 
X 
X 
• • 
1\ 
1\ • 
TXA 
X 
• • • • • 


ConditIon Code Symbols 


H 
Half Carry (From Bil 31 


I 
Interrupt 
Mask 
N 
Negative (Sign Btt) 
Z 
Zero 


r. 
Carry 
Borrow 


/\ 
Tp~l i)nd 
Sel 
d True 
ClI'MPd 
OTIll'rwlsl' 


• 
NOT Affecled 


-, 
lOiul r.r. Rt'(JI'",t1'1 
From 
SlilCk 


Bit Manipulation 
Brnch 
Read/Modify/Write 
Control 
Register/Memory 


Test & 
Set/ 


OIR I 
I 
X 
l.x1 I 
OIR I EXT l.x2 
l.x1 
I.xo 
Branch 
Clear 
Rei 
A 
.XO 
INH 
INH 
IMM 


0 
1 
2 
3 
I 
4 
1 
5 
I 
6 I 
7 
B 
9 
A 
B 
1 
cToTET 
F 
__ H 


BRsETO 
BsETO 
BRA 
NEO 
RTI' 
- 
SUB 
0 


1 
BRCLRO 
BCLRO 
BRN 
- 
RTs' 
- 
CMP 
1 


2 
BRsET1 
BsETl 
BHI 
-- 
- 
- 
sBC 
2 


3 
BRCLR1 
BCLRl 
BLs 
COM 
sWI' 
- 
CMPX/CPX 
3 


4 
BRsET2 
BsET2 
BCC 
LsR 
- 
- 
AND 
4 


5 
BRCLR2 
BCLR2 
BCs 
- 
- 
- 
BIT 
5 
6 
BRsETJ 
BsET3 
BNE 
ROR 
- 
- 
LDA 
6 


7 
BRCLR3 
BCLR3 
BEG 
AsR 
TAX 
- 
T 
sTA 
I'll 
7 


8 
BRsET4 
BsET4 
8HCC 
LslIAsL 
- 
CLC 
EOR 
8 


9 
BRCLR4 
BCLR4 
8HCs 
ROL 
- 
sEC 
ADC 
9 


A 
BRsET5 
BsET5 
8PL 
DEC 
- 
CLI 
ORA 
A 


B 
BRCLR5 
BCLR5 
BMI 
- 
- 
sEI 
ADD 
B 


C 
BRsET6 
BsET6 
BMC 
INC 
- 
RsP 
- 
JMPI-1) 
C 


D 
BRCLR6 
BCLR6 
BMs 
TsT 
- 
NOP 
BSR'T 
JsR 
1'31 
D 


E 
BRsET7 
BsET7 
BIL 
- 
- 
- 
LDX 
E 


F 
BRCLR7 
BCLR7 
BIH 
CLR 
-- 
TXA 
-- 
sTX 
('11 
F 


3/10 
217 
2/4 
2 
611/411/412 
7 I 1 6 
1;' . 
1/2 
21212/413/513612 
51 
1 4 


NOles 


Undefined 
opcodes are marked with· 
- 


The numbers 
aT the boTlom of each column denole the number 
of bytes and lhe number 
of cycles rPQUlrcd (Bytes 
Cycles) 


MnemonICs 
followed 
by a ..... reqUire a dIfferent 
number of cycles as follows 


RTI 
9 


RTs 
6 
SWill 
BsR 
8 
I Indicate that Ihe number 
In parenThesIs must be added 10 the cycle count for thaI ms!ructlon 


PHASE LOCK LOOP SECTION 
The PLL section consists of: 
a 14-bit binary variable 
divider, 
a fixed 
10-stage divider, 
a digital 
phase and fre- 


quency comparator with a three-state output and circuitry 
to 
avoid 
'backlash' 
effects 
in 
phase lock 
conditions. 
With 
a suitable high frequency 
prescaler and an active 
integrator 
the user can easily establish a phase locked loop 
system driving 
a voltage controlled 
oscillator, 
as shown 
in Figure 31. The equations governing the PLL are given 
in Figure 32. 


VARIABLE 
DIVIDER 


The variable divider 
is a 14-bit binary down counter, 
which 
communicates 
with 
the 
CPU via two 
readable/ 


writeable 
registers 
located 
at 
addresses $OA, 
for 
the 


LS byte, and SOB, for the MS byte. The upper two bits in 
register SOB,however, will always read as locical 'l's. 
When 
variable 
divider 
count 
has reached zero, a preset pulse, 
FVAR, 
is generated. This is used to reload the variable 
divider 
with the contents of the 14-bit latch as shown in 
Figure 33. 
Data transfers from registers $OA and SOB to the latch 
occur 
outside 
the 
preset time 
and only 
during a write 
operation 
performed 
on register $OA. For example 6 bit 


data transferred 
to register SOB will 
only 
be transferred 
to 
the variable divider 
if followed 
by a write 
operation 
to register $OA. Figure 34 shows a typical of an error free 
manipulation 
of the 14-bit data in fine tune operations. 


The use of the 14-bit latch synchronises the data trans- 


fer between two asynchronous 
systmes,namely 
the CPU 
and the variable divider. 
At 
power 
up reset both 
the variable divider 
and the 


contents of the PLL registers are set to logical 'l's. 


The variable frequency 
input 
pin, 
FIN. is self 
biased 
requiring 
an ac coupled signal with 
a nominal 
swing of 


0.5 V. The input frequency 
range of 1 to 16 MHz allows 


the device, together with a suitable prescaler, to cover the 
entire TV spectrum. 


REFERENCE 
DIVIDER 
This 
10-stage binary 
counter 
generates a reference 


frequency, 
FREF, which 
is compared with the output 
of 
the variable divider. The reference divider is mask program- 
mable 
thus 
allowing 
the 
user a choice 
of 
reference 


frequency, see Figure 33. 


PHASE COMPARATOR 
The 
phase comparator 
compares 
FVAR 
and 
FREF 
frequency 
and 
phase, 
and 
according 
to 
their 
phase 


relationship 
generates a three-level output, 
<j>COMP,as 


shown 
in 
Figures 35 and 36. The output 
waveform 
is 


then integrated, 
amplified 
and the resultant dc voltage is 


applied to the voltage controlled 
oscillator. 


In practice 
a linear characteristic 
around 
the steady 
state region can not be achieved due to internal propaga- 
tion 
delays. Thus, phase comparators 
exhibit 
non-linear 


characteristics 
and for systems which 
lock in phase, this 


results in a 'backlash' effect - 
creating sidebands and FM 


distortion. 
To 
avoid 
this 
effect 
a very 
short 
pulse is 


injected 
regularly 
into 
the 
system. The loop, 
in turn, 


attempts 
to 
cancel 
this 
'interference: 
and in doing 
so 


brings the phase comparator to its linear zone, as shown in 
Figures 37 and 38. 


A typical 
application, 
for a TV frequency 
synthesizer, 


is illustrated 
in Figure 39. 


I 
~AZHl 


For a system in lock: 
FVAR 
FREF 
since 
FIN 
"" 
FVAR· 
N 
FVCO 
= 
FIN· 
P 
where P ""prescaler division ratio 


=> 
FVCO 
= 
FREF' 
p. 
N 


Minimum 
frequency step "" 
LlFVCO 
<iI\J 


0.9: 
FCL 
4.00 MHz 
R 
210 


where R ""the reference divider ratio 
P 
= 
64 
LlFVCO 
<iI\J 
FREF 


= 
62.5 kHz 
, 
= 
976.5 
Hz 


,..--, 
I 
I 
MANUr.\CTURING 
I 
I MASK OPTION 
L. _-, 


FCL 


FREf· •• (2\;22; ... 2-) 
, 
, 


1 OUT 
Of ,.'_ 
OPTION 


,- 
•• COMP 1ST 
t- 


FTUP 
LOA 
PLLLOW 
INCA 
chock if LS byte - FF (Reg $OA) 
BNE 
TT1 
if not increment only LS byte 
INC 
PLLLOW 
increment 
MSB (Reg $OB) before 
LSB 
TT1 
INC 
PLLLOW 
•• 
FTOWN 
TST 
PLLLOW 
check if LS byte = 00 
BNE 
TT2 
if not decrement 
only 
LS byte 
OEC 
PLLHI 
decrement 
MSB before LSB 
TT2 
OEC 
PLLLOW 


PUlSE 
INJ£CT1OfI 
I 


PULSE 
INJECTION 
L 


r- 


IOEAL 
/Y 


/ 
/ 
" 
PRACTICAL 
/ 


-2rr 
/ 
A 
/ 
/ 
/ 
/ 
---./ 


r- 


'DEAL 
/ 
\/ 
/ 
/ 
/ 
/ 


" 
PRACTICAL W'TH 
PULSE 
INJ£CT1ON 


'MHz 
o 


[ 
MCM 
14410Z- CMOS 
MEMORY 


SMA ZOO1 I MCM Z.Ol 
NMOS 
lex 
11 


NONVOUTllE 


ORDERING 
INFORMATION 


The 
followmg 
Informatlon 
1$ rf~QlJIred when 
ordering 
a 


custom 
MCU 
ThiS 
Information 
may 
be 
transmllted 
to 


Motorola 
In any 
of the 
followmg 
media 


PROM(s) 
Assembler formatted object tape 
Punched card deck 
Paper tape of card deck format 
MDOS disk file 


To initiate 
a ROM 
pattern 
for the 
MCU 
It IS necessary 
to 


f,rst 
contact 
your 
local 
field 
service 
office. 
local 
sales 


person 
or your 
local 
Motorola 
representative 


PROMS - 
The MCM2708 or MCM2716 type PROMs. 


programmed 
With 
tile 
CUSlOmer 
program 
(positive 
logiC 


sense 
for address 
and 
data). 
may 
be submitted 
for pattern 
generation 
The 
PROMs must 
be clearly 
mark"d 
to 


Indicate 
which 
PROM 
corresponds 
10 which 
address 
spilce 1000 3FF HEX) See Flgur" 40 for recommended 


marking 
procedure 


After the PROMls) are marked they should be placed In 


conductive 
Ie C<1rners 
and 
securely 
packed 
Do 
not 
use 


styrofoam 


ASSEMBLER 
FORMAITED 
OBJECT 
TAPE 
- 


Cassette tapes produced on a Silent 700 terminal 
and 


EXORciser are acceptable. 


OPTION LIST 


Select 
the 
options 
for your 
MCU 
from 
the following 
list 
A 
manufacturing 
mask 
writ 
be 
gt'np.rated 
from 
Ihls 


InformatIon 


o ROM Mask 


External 
Clock Source 
o Gated 
</> 2 clock 
o Port CO input 
(pin 8) 


Timer 
Prescaler 


o 2° (divide 
by 1) 


o 2' (divide 
by 2) 


o 2' (divide 
by 4) 


o 
2' (divide 
by 8) 


o 
2" (divide 
by 16) 


o 
2" (divide 
by 32) 


o 2" (divide 
by 64) 


o 2' (divide 
by 128) 


0210 
(divide by 1024) 


Customer 
Name 
_ 


Address 


City 


Phone (---l 


Contact Ms/Mr 


Customer 
Part Number 


__________________ 
State 


_______________ 
Extension 


2708 
PROM 


2716 PROM 


Paper Object Tape 


Silent 700 Cassette 


Card Deck 


Tape of Card Deck 


MDOS Disk File 


(Note 2) 


Signature 
_ 


Totle _. 
. 
_ 


[:::::::::n 
_~_A~,:<~ 


P SUFFIX 
PLASTIC PACKAGE 
CASE 710·02 


MILLIMETERS 
INCHES 
.,M 
MI. 
MAX 
MI. 
MAX 
A 
.4\ 
37.21 
1.435 
1.46 
• 
1372 
1422 
0.540 ".. 
3.94 
5 
0.\55 
0.200 
• 
036 
0.56 
0.014 
0.022 
f 
102 
1.52 
00<0 
0060 


G 
H4BSC 
01008 


H 
165 
.1 
0065 
0085 
J 
020 
0.38 
0001 
0.015 
• 
2.92 
J.4J 
0.115 
0.135 


1524 
BSC 
0.600 
Bse 
M .. 
IS' .. 
IS' 
• 
051 
1.02 
0020 
0.040 


NOTES 


1 
POSITIONAL 
TOLERANCE 
OF 
LEAnS 
!OJ, 
SHAll 
BE WITHIN 
O.25mmIO.010) 
AT 
M..•.XIMUM 
MATERIAL 
CONDITION, 
IN 
RELATION 
TO SEATING 
PLANE 
AND 
EACH 
OTHER. 


2 
DIMENSION 
l 
TO CENTER 
OF lEADS 
WHEN FORMED 
PARAllEl. 


3. 
DIMENSION 
8 
DOES 
NOT 
INCLUDE 
MOLD FLASH 


Circuit diagrams utilizing Motorola products 
are included as a means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently. 
complete 
information 
sufficient 
for 
construction 
purposes is not 
necessarily 
given. 
The 
jnformation 
has been carefully 
checked 
and 


is 
believed 
to 
be entirely 
reliable. 
However, 
no 
responsibility 
is 
assumed for 
inaccurach'JS. Furthermore, 
such information 
does not 
convey 
to the purchaSttr of the semiconductor 
devices described 
any 
license under 
the patent 
rights of Motorola 
Inc., or others. 


The MC6805U2 
Microcomputer 
Unit 
IMCUI 
is a member 
of 
the 
M6805 Family of Microcomputers. 
This 8-bit microcomputer 
contains a 
CPU, on-chip clock, ROM, RAM, I/O, and timer. It is designed for the 
user 
who 
needs 
an 
economical 
microcomputer 
with 
the 
proven 
capabilities 
of the M6800-based instruction 
set. A comparison 
of the 
key features of the M6805 Family of Microcomputers 
is shown in the 
table on the last page of this data sheet. The following 
are some of the 
hardware and software 
highlights 
of the MCU. Some of the hardware 
options are mask programmable. 


Hardware Features: 


• 
8-Bit Architecture 


• 
64 Bytes of RAM 


• 
Memory Mapped I/O 


• 
2048 Bytes of User ROM 


• 
Internal 8-Bit Timer with 7-Bit Prescaler 


• 
4 Vectored Interrupts; 
Timer, Software 
and Two External 


• 
24 TTL/CMOS 
Compatible 
I/O Lines with 8 of these LED 
Compatible 


• 
8 Input Lines 


• 
Zero-Crossing 
Detection 


• 
On-Chip Clock Generator 


• 
Self-Check Mode 


• 
Master Reset 


• 
Low Voltage Inhibit 


• 
Complete Development 
System Support on EXORciser 


• 
5 Vdc Single Supply 


Software 
Features: 


• 
Similar to M6800 


• 
Byte Efficient Instruction 
Set 


• 
Easy to Program 


• 
True Bit Manipulation 


• 
Bit Test and Branch Instructions 


• 
Versatile Interrupt 
Handling 


• 
Versatile Index Register 


• 
Powerful 
Indexed Addressing for Tables 


• 
Full Set of Conditional 
Branches 


• 
Memory Usable as Registers/ Flags 


• 
Single Instruction 
Memory Examine/Change 


• 
10 Powerful Addressing 
Modes 


• 
All Addressing 
Modes Apply to ROM, RAM, and I/O 


• 
User Callable Self-Check Subroutines 


(HIGH 
DENSITY 


N-CHANNEL, 
SILICON-GATE 
DEPLETION 
LOAD) 


~LSUFFIX 
~~l 
~~~L lC::~MIC 
PACKAGE 
~::~~: 
~"j 
~Iil'~LASTIC 
PACKAGE 


I'" 
CASE 
711 


~ 


"SSUFFIX 


• 
CERDIP PACKAGE ALSO 
AVAILABLE - 
CASE 734 


Vss 
PAl 


RESET 
PA6 


iNT 


VCC 
PM 


EXTAL 
PA3 


XTAL 
PA2 


NUM 
PAl 


TIMER 
PAO 


PCO 
PBl 


PCl 
PB6 


PC2 
PB5 


PC3 
PB4 


PC4 
PB3 


PC5 
PB2 


PC6 
PBl 


PCl 
PBO 


POl 
PDQ 


PD6 
POl 


PD5 
PD2 


PD4 
PD3 


ADI-l!>3 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
Vr.r. 
-0.3 
to + 7.0 
Vdc 


Input Voltage 
(Except 
Pin 61 
Vin 
-0.3 
to + 7.0 
Vdc 


Operating Temperature 
Range 
TA 
01070 
'c 


Storage Temperature 
Range 
Tstg 
-55to 
+150 
'c 


Junction 
Temperature 


Plastic 
Package 
Tj 
150 
'c 
Ceramic Package 
175 


Cerdip 
175 


Thermal 
Resistance 
Plastic 
Package 
<PjA 
100 
'C/W 
Ceramic 
Package 
50 


Cerdio 
60 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
High Voltage 
RESET 


VIH 
4.0 
- 


iNT 
4.0 
2.2" 
VCC 
Vdc 


All Other 
+2.0 
- 


Input 
High Voltage 
Timer 
Timer 
Mode 
VIH 
+2.0 
- 
VCC 
Vdc 
Sell-Check 
Mode 
- 
9.0 
15.0 


Input 
Low Voltage 
RESIT 
VIL 


-0.3 
- 
0.8 
Vdc 


INT 
-0.3 
2.0" 
+ 1.5 


All Other 
-0.3 
- 
+0.8 


Reset Voltage 
"Out 
Of" 
VIRES + 
2.0 
- 
4.0 
Vdc 


"Into" 
VIRES- 
0.8 
- 
- 
Vdc 


INT Zero - 
Cross Input Voltage 
- 
Through 
Capacitor 
VI NT 
2 
- 
4 
VacPP 


Power 
Dissipation 
- 
No Port Loading 
VCC=5.25 
V. Tj=O'C 
Po 
- 
600 
- 
mW 


Input 
Capacitance 
EXTAL 
Cin 
- 
25 
- 
pF 
All Other 
- 
10 
- 


Low Voltage 
Recover 
LVR 
- 
4.75' 
Vdc 


Low Voltage 
Inhibit 
LVI 
- 
3.5 
- 
Vdc 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
losc 
0.4 
- 
4.2 
MHz 


Cycle Time 
(4/loscl 
tcvc 
095 
- 
10 
~s 


INT Pulse Width 
tIWL. 
tlWH 
tcvc+ 
250 
- 
- 
ns 


Rtm Pulse Width 
tRWL 
tCyc+ 250 
- 
- 
ns 


Delay Time 
Reset (External 
Cap-1 
~F Ilor ± 5' 
Accuracyl 
tRHL 
- 
100 
- 
ms 


INT Zero Cross Detect 
Input 
Frequency 
liNT 
0.03 
- 
1 
kHz 


External 
Clock 
Input 
Duty 
Cycle (Pin 51 
- 
40 
50 
60 
% 


Characteristic 
I 
Symbol 
I 
Min 
I 
Typ 
I 
Max 
I 
Unit 


Port A 


Output Low Voltage Iload= 1.6 mAde 
VOL 
- 
- 
0.4 
Vde 


Output High Voltage Iload= - 100~Ade 
VOH 
2.4 
- 
- 
Vde 


Output High Voltage Iload= -10 ~Ade 
VOH 
VCC-1 
- 
Vde 


Input High Voltage 'load = - 300~Ade (max) 
VIH 
+2.0 
- 
VCC 
Vde 


Input Low Voltage 'load - - 500~Ade Imax} 
VIL 
0.3 
+0.8 
Vde 


Off-State Input Current. Input 0.8 V 
IIH 
300 
~Adc 


Off-State Input Current. Input 0.2 V 
IlL 
- 
500 
~Ade 
Port B 


Output Low Voltage Iinorl= 3.2 mAde 
VOL 
- 
- 
0.4 
Vde 


Output Low Voltage Iload= 10 mAde (sink) 
VOL 
- 
- 
1.0 
Vde 


Output High Voltage Iload= - 200~Ade 
VOH 
2.4 
Vde 


Darlington 
Current Drive (Source) Vo= 
1.5 Vdc 
IOH 
-1.0 
- 
-10 
mAde 
Input High Voltage 
VIH 
+2.0 
- 
VCC 
Vde 


Input Low Voltage 
VIL 
-0.3 
- 
+0.8 
Vde 


Off·State Input Current 
ITSI 
2 
50 
~Ade 
Port C 


Output Low Voltage Iload= '.6 mAde 
VOL 
- 
- 
0.4 
Vde 


Output High Voltage Iload- -100 ~Ade 
VOH 
2.4 
Vde 
Input High Voltage 
VIH 
+2.0 
- 
VCC 
Vde 
Input Low Voltage 
VIL 
-0.3 
- 
+0.8 
Vde 


Off-State 
Input Current 
ITSI 
- 
2 
50 
~Ade 
Port 0 (Input Onlyl 
Input High Voltage 
I 
VIH 
I 
+2.0 
I 
- 
I 
VCC 
I 
Vde 


Input Low Voltage 
I 
VIL 
I 
VRL 
I 
- 
I 
+0.8 
I 
Vde 


Input Current 
Timer at Vin = 10.4to 2.4 Vde) 
lin 
- 
I 
- 
I 
20 
I 
~Ade 


The average chip junction 
temperature. 
TJ, in °C can be obtained from 


TJ=TA+[lPO+PIO)o8JAJ 
111 
Where 
TA = ambient temperature. 
°C. 


8JA = package thermal resistance. 
°C/watt, 


PIO = output 
port power dissipation, 
watts. 


= E(VCC - VOHIl[IOHII 
+ EIVOLIIIOL) 
+ EIVCC- 
VILiIIiILIl 
+ EIVCC - VIHlIlilHIl 


Po= chip internal power dissipation, 
watts. 


An approximate 
relationship 
between Po and TJ is 
PO= KIT J +273) -0.96 
(2) 


where K is a constant pertaining to the particular part, which may be determined from measurement of Po immediately after turn- 
on Ii.e., TJ = TAL Using this value of K. then, for any TA. PIO. and 8JA. the values of Po and TJ may be obtained for a particular 
part by an iterative procedure using these two equations. 
For example, assume that 8JA = flJoC/W, 
maximum PIO = lfIJ mW. and 
Po is measured for the part to be 400 mW at turn-on at room temperature 
125°CI. To determine the TJ at a TA = 40°C, the follow- 
ing iterative procedure is used. First, 


Calculate K from equation 
12l: 
K = 10.400)/125+ 2731- 0.96= 94.9. 


Estimate TJ from equation 
Ill: 
TJ =40+ 
[10.400+ O.lflJlofIJ) = 61.5°C 


Substitute 
this TJ into eq. (2): 
PO=94.9167.5+273)-0.96=0.352 
W. 


Substitute 
this Po into eq. II I: 
TJ = 40+ [10.352+ O.lf1J)ofIJ) = 65.1 °C. 


Substitue 
this TJ into eq. 121: 
PO=94.9165.1 +2731-0.96=0.345 
W. 


Substitue this Po into eq. Ill: 
TJ=40+[l0.354+0.1f1J)ofIJJ=65.2°C. 


Since the last two values obtained for TJ are essentially the same, the iterative process is complete. 
with the solution 
TJ=65.2°C. 
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PAO 
Accumulator 
PAl 
Port 
PA2 
Data 
a 
A 
A 
PA3 
Dir 
Index 
I/O 
PA4 
Reg 
Register 
Lines 
PA5 
8 
X 
PA6 
Condition 
PA7 
Code 
RegIster 
CC 
CPU 
Stack 


PBO 
5 
POinter 
SP 
PBl 
Program 
Port 
PB2 
Port 
Data 
Counter 
B 
PB3 
B 
Dir 
High 
PCH 
I/O 
PB4 
Reg 
Reg 
Lines 
PB5 
Program 


PB6 
Counter 


PB7 
a 
low 


Port D 
Input 
Lines 
PD4 
PD5 
PD611NT21 
PD7 


PCO 
PCl 


Data 
POll 
PC2 
Port 


Dir 
C 
PC3 
C 


Reg 
Reg 
PC4 
I/O 


PC5 
Lines 


PC6 
PC7 
A00223 


C=40.pF. 
R= 12 k 


Adjust 
RL so that II = 3.2 mA 
with 
VI=O.4 
V and VCC=5.25 
V 


RL 
MMD6150 


or Equiv. 
C=~pF. 
R=24k 
Adjust 
Rl so that 11= 1.6 mA 
with 
VI=O.4 
V and VCC=5.25 
V 
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SIGNAL 
DESCRIPTION 
- 
The input and output 
signals 
for the MCU, shown in Figure 1, are described in the follow- 
ing paragraphs. 


VCC AND VSS 
- 
Power is supplied to the MCU using 
these two 
pins. 
VCC is +5.25 
Vdc 
±0.5 
V. VSS is the 
ground connection. 


INT - 
This pin provides the capability for applying an ex- 
ternal interrupt to the MCU. Refer to INTERRUPTS for addi- 


tional 
information. 


XTAL AND EXTAL - 
These pins provide control input for 
the on-chip 
clock circuit. 
A crystal or a resistor, depending 
on manufacturing 
mask option, 
can be connected 
to these 
pins to 
provide 
a system 
clock 
with 
various 
degrees of 
stability/cost 
tradeoffs. 
Refer 
to 
INTERNAL 
CLOCK 
GENERATOR OPTIONS for recommendations 
about these 
inputs. 


TIMER 
- 
This pin allows an external input to be used to 
decrement the internal timer circuitry. 
Refer to TIMER for ad- 
ditional information 
about the timer circuitry. 


RESET -' 
This pin allows resetting of the MCU at times 
other than the automatic 
resetting capability 
already in the 
MCU. Refer to RESETS for additional 
information. 


NUM (Non-User Mode) - 
This pin is not for user applica- 
tion and should be connected 
to ground. 


INPUT/OUTPUT 
LINES (PAG-PA7, PBG-PB7. PCO-PC7, 
PDQ-PD7) - 
These 32 lines are arranged into four B-bit ports 
lA, 
S, C, and Dl. Ports A, B, and C are programmable 
as 
either inputs or outputs, 
under software control of the data 
direction 
registers. Port D is for digital input only and bit 6 
may be used for 
a second 
interrupt 
INT2. 
Refer to 
IN- 
PUT/OUTPUT, 
and INTERRUPTS 
for additional 
informa- 
tion. 


MEMORY 
- 
The MCU 
is capable of addressing 
4096 
bytes of memory and I/O registers with its program counter. 
The MCU has implemented 2316 of these memory locations. 
This consists of: 2048 bytes user ROM, 192 bytes self test 
ROM, 64 bytes user RAM, and 10 bytes I/O; see Figure 6 for 
the Memory 
Map. The user ROM has been split into three 
areas. The first area is memory locations S060 to $OFF, and 
allows the user to access these ROM locations 
utilizing the 
direct addressing mode. The main user ROM area is from 
S7COto SF37. The last 8 ROM memory locations at the top of 
memory are for the interrupt 
vectors. 
The MCU reserves the first 16 memory locations 
for I/O 
features, of which 
10 have been implemented. 
These loca- 
tions are used for the ports, the port DDRs, the timer, and 
the INT2 miscellaneous 
register. 
Refer to Table 2 for the 
register configuration 
of these locations. 
Sixty-four 
bytes of 
user RAM are provided. The last 31 bytes of user RAM SOO1 
to S07F are SHARED with 
the stack area. The stack area 
must be used with care if data is stored there. 


FIGURE 6 - 
MCU MEMORY 
MAP 


7 
0 
7 
6 
5 
4 
3 
2 
0 
000 
110 Ports 
Sooo 
0 
Port A Data 
SOOO 
TImer 
SOOI 
RAM 
Port B Data 


127 
1128 Bytes) 
Port C Data 
S002 


128 
Port 0 Data 
S003 
Page Zero 


ROM 
Port A DDIl" 
$004' 
112B Bytes) 
Port B DDR' 
SOO6' 
255 
256 
6 
Port C DDIl" 
SOO6' 
Not Used 
ROM 
Not Used 
S007 
11728 Bytesl 
Timer Data Reg 
SOO6 
1983 
1964 
Timer 
CTRL Reg 
SOO9 


Main 
ROM 
10 
Mise Reg 
SOOA 
11912 Bytesl 


3B95 
SFB3 
11 
Not Used 
SOOB 
3896 
SF84 
12 
Not Used 
SOOC 
Self Check 
ROM 
13 
Not Used 
SOOD 
1192 Bytes) 
AID 
ControllStatus 
SOOE 
4087 
SFF7 
408B 
Interrupt 
SFFB 
AID 
Result 
SOOF 


Vectors 
Not Used 
ROM 
148 Bytes) 
S03F 
4095 
18 Bytes) 
SFFF 
RAM 
184 Byte~ 
__ 
S040 


.......:.............. 
$061 


127 
-- 
Stack 
131 Bytesl 
S07F 


·Cautlon: 
Data DIrection 
Registers (DORsi are wrtte-onlv; 
they read as SFF. 


AOO227 


The shared stack area is used during the processing of an 
interrupt. 
The contents of the MCU registers are pushed on- 
to the stack in the order shown in Figure 7. Since the Stack 
Pointer decrements during pushes, the low order byte (PCl) 
of the Program Counter is stacked first; then the high order 
four bits (PCHI are stacked. This ensures that the program 
counter 
is loaded correctly 
as the stack pointer increments 


when it pulls data from the stack. A subroutine call will cause 
only 
the 
Program 
Counter 
(PCl, 
PCHI 
contents 
to 
be 


pushed onto the stack. 


FIGURE 
7 - 
INTERRUPT 
STACKING 
ORDER 
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REGISTERS - 
The MCU has five registers available to the 


programmer. 
They are shown in Figure 8 and are explained in 


the following 
paragraphs. 


ACCUMULATOR 
(Al 
- 
The Accumulator 
is a general 


purpose 8-bit register used to hold operands and results of 
arithmetic 
calculations 
or data manipulations. 


INDEX REGISTER (Xl 
- 
The Index Register is an 8-bit 
register used for the indexed addressing mode. It contains an 
8-bit address that may be added to an offset value to create 
an effective address. The index register can also be used for 
limited 
calculations 
and 
data 
manipulations 
when 
using 


read/modify/write 
instructions. 
When not required for Index 


Addressing, 
the Index Register can be used as a temporary 
storage area. 


PROGRAM COUNTER (PC) - 
The Program Counter is a 
12-bit register that contains the address of the next instruc- 
tion to be executed. 


STACK 
POINTER (SPI 
- 
The Stack Pointer is a 12-bit 


register that contains the address of the next free location on 
the stack. During an MCU reset, or the Reset Stack Pointer 
(RSPI instruction, 
the Stack Pointer is set to location $07F. 


The Stack Pointer is then decremented as data is pushed on- 
to the stack and incremented as data is then pulled from the 
stack. The seven most significant 
bits of the Stack Pointer 
are permanently 
set to 0<XXJ11.Subroutines 
and interrupts 


may be nested down to location $061 which allows the pro- 
grammer to use up to 15 levels of subroutine 
calls (less if in- 


terrupts are allowedl. 


CONDITION 
CODE REGISTER 
(CCI 
- 
The Condition 


Code Register is a 5-bit register in which each bit is used to 
indicate the results of the instruction 
just executed. 
These 


bits can be individually 
tested by a program and specific ac- 
tion taken as a result of their state. Each bit is explained in 
the following 
paragraphs. 


Half Carry (H) - 
Set during ADD and ADC operations to 
indicate that a carry occurred between bits 3 and 4. 


Interrupt (I) - 
When this bit is set, the timer and external 
interrupts 
liNT and INT21 are masked. If an interrupt 
occurs 


while this bit is set, the interrupt 
is latched and will be pro- 
cessed as soon as the interrupt 
bit is cleared. 


Negative 
(N) 
- 
Indicates 
that 
the 
result 
of 
the 
last 


arithmetic, 
logical or data manipulation 
was negative (bit 7 in 
the result is a logical one!. 


Zero (Z) - 
Indicates that the result of the last arithmetic, 


logical or data manipulation 
was zero. 


Carry/Borrow 
(CI - 
Indicates that a carry or borrow out 


of the Arithmetic 
logic 
Unit (AlUI 
occurred during the last 
arithmetic 
operation. 
This bit is also affected during bit test 


and branch instructions, 
shifts, and rotates. 


o 
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Accumulator 
oI Index 
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" 
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~ 
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o 
I 
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10101010101 
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TIMER - 
The MCU timer circuitry is shown in Figure 9. 
The 8-bit counter is loaded under program control and is 
decremented toward zero by the clock input. When the timer 
reaches zero, the timer interrupt request bit Ibit 71 in the 
Timer Controll Status Register ITCSRI is set. The timer in- 
terrupt can be masked by setting the timer interrupt mask bit 
Ibit 61in the TCSR. The interrupt bit (I-bit I in the Condition 
Code Register will also prevent a timer interrupt from being 
processed. The MCU responds to this interrupt by saving the 
present MCU state in the stack, fetching the timer interrupt 
vector from locations $FF8and $FF9and executing the inter- 
rupt routine; see Figure 16.. THE TIMER INTERRUPT RE- 
QUEST 81T MUST 
BE CLEARED BY SOFTWARE. 
The 
timer and INT2 share the same interrupt vector. THE INTER- 
RUPT ROUTINE MUST CHECK THE REQUEST BITS TO 
DETERMINE THE SOURCE OF THE INTERRUPT. 


The clock input to the timer can be from an external 
source Idecrementing of Timer Counter occurs on a positive 
transition of the external source) applied to the TIMER input 
pin or it can be the internal </>2signal. When the </>2signal is 
used as the source, it can be gated by an input applied to the 
TIMER input pin allowing the user to easily perform pulse- 
width measurements. INote: For ungated </>2clock input to 
the timer prescaler. the timer pin should be tied to VCC.I The 
source of the clock input is one of the options that has to be 
specified before manufacture of the MCU. A prescaler op- 
tion can be applied to the clock input that extends the timing 
interval up to a maximum of 128counts before decrementing 
the counter. This prescaling option must also be specified 
before manufacturing begins. To avoid truncation errors, the 
prescaler is cleared when bit 3 of timer control register is 
written to a logic 1 Ithis bit always reads as a logic 01. The 
timer continues to count past zero, falling through to FF16 
and then continuing the count. The count can be read at any 
time by monitoring 
the Timer Data Register (TOR). This 
allows a program to determine the length of time since a 
timer interrupt has occurred, and not disturb the counting 
process. 


At Power-up or Reset, the prescaler and counter are ini- 
tialized with all logical ones; the timer interrupt request bit 


Ibit 71is cleared and the timer interrupt request mask bit Ibit 
6) is set. Refer to Table 2 for MCU Register Configuration. 


SELF CHECK - 
The self check capability of the MCU pro- 


vides an internal check to determine if the part is functional. 
Connect the MCU as shown in Figure 10 and monitor the 
output of Port C, bit 3 for an oscillation of approximately 
7 Hz. A 9 volt level on the timer input, Pin 8, energizes the 
ROM based self check feature. 


Two of the self check subroutines can be called by a user 


program. 
They are the RAM and ROM tests. The timer 
routine may also be called if the timer input is the internal 
clock. 


RAM Self Check Subroutine 
- 
Returns with the l-bit 


clear if any error is detected; otherwise the l-bit 
is set. 


The RAM test must be called with the stack pointer at 
$07F. When run, the test checks every RAM cell except for 
$07F and $07Ewhich are assumed to contain the return ad- 
dress. 


A and X are modified. All RAM locations except the top 2 
are modified. 


ROM Checksum Subroutine - 
Returns with l-bit 
cleared 
if any error was found; otherwise l= 1. X=O on return, and 
A will be zero if the test passed. RAM locations $040-$043 
are overwritten. 


Timer Test - 
Return with l-bit 
cleared if any error was 


found; otherwise l = 1. 


This runs a simple test on the timer. In order to work cor- 
rectly as a user subroutine, the internal clock must be the 
clocking source and interrupts must be disabled. Also, on 
exit, the clock will be running and the interrupt mask not set 
so 
the 
caller 
must 
protect 
himself 
from 
interrupts 
if 


necessary. 


A and X register contents are lost, this routine counts how 
many times the clock counts in 128 cycles. The number of 
counts should be a power of two since the prescaler is a 
power of two. If nQt, the timer probably is not counting cor- 
rectly. The routine will also detect if the timer is running at 
all. 
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8 TIMER 
AO 33 


9V 
LED •••• 
510 
9 CO 
87 32 


LED. 
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0 
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RESETS 
- 
The MCU can be reset three ways: by initial 
powerup, by the external reset input (RESETI and by an in- 
ternallow voltage detect circuit, (mask option) see Figure 11. 
The internal circuit connected to the RESETpin consists of a 
Schmitt trigger which senses the RESETline logic level. The 
Schmitt trigger provides an internal reset voltage if it senses 
a logical 0 on the RESET pin. During powerup, the Schmitt 
trigger switches on (removes resetl when the RESET pin 
voltage rises to VIRES + . When the RESET pin voltage falls 


to a logical 0 for a period longer than one E cycle, the 
Schmitt 
trigger switches off 
to provide an internal reset 
voltage. The "switch 
off" voltage occurs at VIRES +. 


Upon powerup, a delay of tRHL is needed before allowing 


the RESET input to go high. This time allows the internal 
clock generator to stabilize. Connecting a capac,tor to the 
RESET input as shown in Figure 12will tYPically provide suf- 
ficient delay. 


INTERNAL CLOCK GENERATOR OPTIONS - 
The inter- 
nal clock 
generator 
circuit 
is designed 
to require 
a minimum 
of external components. A crystal or a resistor may be used 
to control the internal clock generator with varying degrees 
of stability. A manufacturing mask option is used to select 
the crystal or resistor operation. 
The different connection methods are shown in Figure 13. 
Crystal specifications are given in Figure 14. A resistor selec- 
tion graph is shown in Figure 15. 


The crystal oscillator start-up time is a function of many 
variables: crystal parameters - 
especially Rs, oscillator load 
capacitances, IC parameters, ambient temperature, supply 
voltage, and supply voltage turn-on time. 
To 
ensure 
rapid 
oscillator 
start-up, 
the 
crystal 
characteristics should not exceed those recommended and 
the load capacitances should not exceed recommendations. 
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INTERRUPTS 
- 
The MCU can be interrupted 
four dif- 
ferent ways: through 
the external interrupt 
(INTI input pin, 
the internal timer interrupt 
requ!lst, the external port D bit 6 
(lNT21 input pin, and a software interrupt instruction 
(SWIl. 


When 
any interrupt 
occurs, 
processing 
is suspended, 
the 


present MCU state is pushed onto the stack, the interrupt bit 
(I-bitl 
in the Condition 
Code Register is set, the address of 
the interrupt 
routine is obtained from the appropriate 
inter- 
rupt vector address, and the interrupt 
routine is executed. 


Refer to 
Figure 
16 for 
Flowchart. 
The 
interrupt 
service 


routines must end with a Return from Interrupt (RTIl instruc- 
tion which allows the MCU to resume processing of the pro- 
gram prior to the interrupt. 
Table 1 provides a listing of the 
interrupts, 
their priority, 
and the address of the vector which 
contains the starting address of the appropriate interrupt ser- 
vice routine. 
RESET is listed in Table 1 because it is process- 


ed similar to an interrupt. 
However, it is not normally used as 


an interrupt. 
Note: The timer and INT2 share the same vector 
address. The interrupt 
routine must determine the source by 


examining 
the interrupt 
request bits (TCR bit 7 and MR bit 
71. Both TCR bit 7 and MR bit 7 can only be written 
to 0 by 


software. 


The external interrupts INT and INT2 are set on the falling 


edge of the input signal. The INT2 has an interrupt 
request 


bit (bit 71and a mask bit (bit 61 located in the Miscellaneous 
Register (MRI, 
refer to Table 2. The INT2 interrupt 
is in- 


hibited when the mask bit is set. The INT2 is always readable 
as a digital input of Port D. The INT2 and timer interrupt 
re- 


quest bits, if set, will cause the MCU to process an interrupt 
when the condition 
code I-bit is cleared. 


A sinusoidal input signal (tINT maximuml 
can be used to 
generate an external interrupt (iNTI, as shown in Figure 17, 
for use as a Zero Crossing Detector with hysteresis included. 
An interrupt 
request generated for each negative slope, zero 
crossing of the AC signal. For digital applications, 
the INT 
can be driven directly by a digital signal at a maximum 
fre- 


quency of 1/8 the clock frequency 
(at EXTAU. 


TABLE 
1 - 
INTERRUPT 
PRIORITIES 


Interrupt 
Priority 
Vector 
Address 


REID 
1 
SFFE and SFFF 
SWI 
2 
SFFC and SFFD 
INT 
3 
SFFA and SFFB 


T1MERIINT2 
4 
SFFB and SFF9 


07F-SP 
O-OOR 
FF- 
Timer 
7F - 
Prescaler 


7F- 
TCR 
7F- 
MR 
O-CSR 
CLR INT LogIc 


Stack PC. X. A. CC 
If SWI Qocode 
IPC) = IPC) + 1 


Otherwise 
IPC) = IPC) 


Set I Bit 
In CC 


liNT 
Mask B,,) 


Put FFE 


on Address 
Bus 


Load PC 
from 
FFC/FFO 


Clear INT 
Request 


Latch 


Load PC 
from 


FFAlFFB 


Load PC 
from 
FFE/FFF 


-Interrupt = SWI + [INT + INT2+ 
Tlmer)-TSit 
CC 


INT2 ~ MR7.MR6 
Tlmer~ 
TCR7.TCR6 


Interrupt 


Must be Timer 
andlor 
iNT2; 


Load PC from 


FF8/FF9 


INPUT/OUTPUT 
- 
There are 32 input or input/output 
pins. All pins on ports A, Band C are programmable as either 
inputs or ouputs under software control of corresponding 
Data Direction Registers (DDRsl. The port I/O programming 
is accomplished by setting the corresponding bit in the ports 
DDR to a logic "1" 
for output or a logic "0" 
for input. On 
reset all the DDRs are initialized to a logic "0" state, placing 
the ports in the input mode. The port output registers are not 
initialized on reset and should be initialized by software 
before changing the DDRs from input to output. When pro- 
grammed as outputs, all I/O pins read latched output data, 
regardless of the logic levels at the output pin due to output 
loading; refer to Figure 18. 


All input/output 
lines are TTL compatible as both inputs 


and outputs. Port A lines are CMOS compatible as outputs. 
Port B, C and D lines are CMOS compatible as inputs. Port D 
lines are input only; thus, there is no corresponding DDR. 
When programmed as outputs, Port B is capable of sinking 
10milliamperes on each pin and sourcing 1.0 milliamperes on 
each pin. 
Figure 19 provides some examples of port connections. 
The Memory Map, in Figure 6, gives the addresses of data 
registers and DDRs. The Register Configuration is provided 
in Table 2. 


Caution: The corresponding DDRs of Port A, Band Care 


write-only 
registers. 
These registers will 
read (via any 


Register/Memory, 
Read/Modify/Write, 
BSET/BCLR, 
or 
BRSET/BRCLR instruction) as all l's 1FF161. 
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BIT MANIPULATION 
- 
The MCU has the ability to set or 
clear any single RAM or input/output 
bit lexcept the data 
direction 
registers, see Caution on page 121with a single in- 
struction 
IBSET, BCLRl. Any bit in the page zero including 
ROM, except the DDRs, can be tested using the BRSET and 
BRCLR instructions 
and the program branches as a result of 
its state. The Carry bit ICI will equal the value of the bit 
referenced by BRSET or BRCLR. The capability to work with 
any bit in RAM, 
ROM or I/O allows the user to have in- 
dividual flags in RAM or to handle single I/O bits as control 
lines. 
The 
coding 
example 
in 
Figure 
20 
illustrates 
the 
usefulness 
of 
the 
bit manipulation 
and test 
instructions. 


Assume that the MCU is to communicate 
with an external 
serial device. The external device has a data ready signal, a 
data output 
line, and a clock line to clock data one bit at a 
time, LSB first, out of the device. The MCU waits until the 
data is ready, clocks the external device, picks up the data in 
the Carry Flag IC-bitl, 
clears the clock line and finally ac- 
cumulates the data bits in a RAM location. 


ADDRESSING 
MODES 


The M6805 Family has ten addressing modes available for 
use by the programmer. 
They are explained 
briefly 
in the 
following 
paragraphs. 
For additional details and graphical il- 


lustrations, 
refer 
to 
the 
M6805, 
M 146805 Family 
Users 
Manual. 


The term "effective 
address" 
lEAl is sometimes 
used in 
describing the addressing modes and it is defined as the ad- 
dress fr0!l' which the argument for an instruction 
is fetched 
or stored. 


IMMEDIATE 
- 
In the immediate 
addressing mode, the 
operand is contained 
in the byte immediately 
following 
the 
opcode. 
The immediate addressing mode is used to access 
constants 
which 
do not change during program execution 
le.g., a constant 
used to initialize a loop counter!. 


DIRECT - 
In the direct addressing mode, the effective ad- 


dress of the argument is contained in a single byte following 
the opcode byte. Direct addressing allows the user to direct- 
ly address the lowest 256 bytes in memory with a single two 
byte 
instruction. 
This includes 
all on-chip 
RAM and 
I/O 
registers and up to 128 bytes of ROM. Direct addressing is an 
effective 
use of both memory and speed. 


EXTENDED - 
In the extended addressing mode, the ef- 
fective address of the argument is contained in the two bytes 
following 
the opcode. Instructions with extended addressing 


mode are capable of referencing 
arguments 
anywhere 
in 
memory with a single three byte instruction. 
When using the 
Motorola 
assembler, the user need not specify whether 
an 
instruction 
uses 
direct 
or 
extended 
addressing. 
The 
assembler will automatically 
select the 'shortest form of the 


instruction. 


RELATIVE - 
The relative addressing mode is only used in 
branch instructions. 
In relative addressing, 
the contents 
of 
the 8-bit signed byte following 
the opcode (the offset) is add- 


ed to the PC if, and only if, the branch condition 
is true. 
Otherwise, 
control 
proceeds 
to the next instruction. 
The 
span of relative addressing is limited to + 129, -126 
from 
the opcode address. The programmer 
need not worry about 
calculating 
the 
correct 
offset 
if 
he 
uses 
the 
Motorola 
assembler, since it calculates the proper offset and checks to 
see if it is within 
the span of the branch. 


INDEXED, NO OFFSET - 
In the indexed, no offset ad- 


dressing mode, the effective address of the argument is con- 
tained in the 8-bit index register. Thus, this addressing mode 
can access the first 256 memory 
locations. 
These instruc- 


tions 
are only one byte long and are therefore 
fast. This 
mode is often used to move a pointer through 
a table or to 
hold the address of a frequently referenced RAM or I/O loca- 
tion. 


INDEXED, B-BIT OFFSET - 
In the indexed, 8-bit offset 
addressing 
mode, the effective 
address is the sum of the 
contents of the unsigned 8-bit index register and the unsign- 
ed byte 
following 
the opcode. 
This addressing 
mode 
is 
useful in selecting the kth element in an n element table. 


INDEXED, 16-BIT OFFSET - 
In the indexed, 16-bit offset 
addressing 
mode, 
the effective 
address is the sum of the 
contents of the unsigned 8-bit index register and the two un- 
signed bytes following 
the opcode. 
This addressing 
mode 
can be used in a manner similar to indexed, 8-bit offset; ex- 
cept 
that 
this 
three 
byte 
instruction 
allows 
tables 
to be 
anywhere 
in memory le.g., 
jump tables in ROMl. 
As with 
direct and extended, 
the Motorola assembler will determine 
the shortest form of indexed addressing. 


BIT SET/CLEAR 
- 
In the bit set/clear addressing mode, 


the bit to be set or cleared is part of the opcode and the byte 
following 
the opcode 
specifies the address of the byte in 
which 
the specified 
bit is to be set or cleared. Thus, any 
read/write 
bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single two byte 
instruction. 
See Caution on page 12. 
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BIT TEST AND BRANCH - 
Bit test and branch is a com- 
bination of direct addressing and relative addressing. The bit 
and condition 
(set or clear! to be tested is part of the opcode 
and the address of the byte to be tested is in the single byte 
immediately 
following 
the opcode byte. The signed relative 
B-bit offset is in the third byte and is added tl) the PC if the 
specified bit is set or clear in the specified memory location. 
This single 
three 
byte instruction 
allows 
the program 
to 


branch based on the condition 
of any readable bit in the first 


256 location 
of memory. 
The span of branching 
is + 130, 


- 125 from the opcode address. See Caution on page 12. 


INHERENT - 
In the inherent addressing mode, all the in- 


formation 
necessary to execute the instruction 
is contained 
in the opcode. Operations specifying only the index register 
or accumulator, 
and no other arguments, are also included in 
this mode. 


TABLE 
2 - 
MCU REGISTER 
CONFIGURATION 


PORT DATA 
DIRECTION 
REGISTER 
IDDRI 


III 
Write Only; reads as all 1's 
121 1= Output, 
O~ Input 
131 Port A ADDR = $004 
Port B ADDR = $005 
Port C ADDR ~ $006 
Port 0 AOOR = None; Port 0 IS Input only 


Port A ADDR = $000 
Port B ADDR ~ $001 
Port C ADDR = $002 
Port D ADDR = $003 


Bit 7 - 
Timer Interrupt Request Status Bit Set when TOR goes to zero; must be cleared by software 
Bit 6 - 
Timer Interrupt Mask Bit; 1= timer masked (disabledl 


Bit 3 - 
Always reads as a 0; clears prescaler when written to a logic 1 


Bns 5. 4, i, 1,0 
read "s 
- 
unused bits 


7 
CMSB 


Bit 7 - 
INT2 Interrupt 
Request Bit Set when falling edge detected on INT2 pin must be cleared by software 


Bit 6 - 
INT2 Interrupt Mask 
BIt 
1= INT2 Interrupt masked (disabled) 
Bit 5 - 
0 Read as "s 
- 
unused bits 


The MCU has a set of 59 basic instructions. 
They can be 
divided 
into 
five 
different 
types: 
register/memory, 


read/modify/write, 
branch, 
bit manipulation, 
and control. 


The following 
paragraphs briefly explain each type. All the 
instructions 
within 
a given type are presented in individual 


tables. 


BRANCH 
INSTRUCTIONS 
- 
The branch 
instructions 
cause a branch from the program when a certain condition is 
met. Refer to Table 3. 


BIT MANIPULATION 
INSTRUCTIONS 
- 
These instruc- 


tion are used on any bit in the first 256 bytes of the memory, 
see Caution on page 12. One group either sets or clears. The 
other group 
performs 
the bit test and branch operations. 


Refer to Table 4. 


REGISTER/MEMORY 
INSTRUCTIONS 
- 
Most of these 
instructions 
use two operands. One operand is either the ac- 
cumulator 
or the index register. 
The other operand 
is ob- 


tained from memory using one of the addressing modes. The 
jump unconditional 
(JMPI and jump to subroutine 
IJSR) in- 
structions 
have no register operand. 
Refer to Table 5. 


READ/MODIFY 
/WRITE 
INSTRUCTIONS 
- 
These 
in- 
structions 
read a memory location 
or a register, 
modify 
or 
test 
its contents, 
and write 
.the modified 
value 
back 
to 
memory or to the register, see Caution on page 12. The test 
for 
negative 
or zero ITST) 
instruction 
is included 
in the 


read/modify/write 
instruction 
even though 
it does not per- 
form the write. 
Refer to Table 6. 


CONTROL 
INSTRUCTIONS 
- 
The control 
instructions 
control 
the 
MCU 
operations 
during 
program 
execution. 


Refer to Table 7. 


ALPHABETICAL 
LISTING - 
The complete instruction 
set 


is given in alphabetical order in Table 8. 


OPCODE MAP 
- 
Table 9 is an opcode 
map for the in- 
structions 
used on the MCU. 


Relative 
Addressing 
Mode 


Functton 
Mnemonic 
Op 
, 
HMOS/CMOS 
Code 
Bytes 
, Of Cycles 


Branch 
Always 
BAA 
20 
2 
4/3 


Branch 
Never 
BAN 
21 
2 
4/3 


Branch 
IFF Higher 
BHI 
22 
2 
4/3 


Branch 
IFF Lower 
or Same 
BlS 
23 
2 
4/3 


Branch 
IFF Carry Clear 
BCC 
24 
2 
4/3 


(Branch 
IFF Higher or Samel 
(BHS) 
24 
2 
4/3 


Branch 
IFF Carry Set 
BCS 
25 
2 
4/3 


IBranch 
IFF lowerl 
IBlOI 
25 
2 
4/3 


Branch 
IFF Not Equal 
BNE 
26 
2 
4/3 


Branch 
IFF Equal 
BEO 
27 
2 
4/3 


Branch 
IFF Half Carry Clear 
BHCC 
28 
2 
4/3 


Branch 
IFF Half Carry Set 
BHCS 
29 
2 
4/3 


Branch 
IFF Plus 
BPl 
2A 
2 
4/3 


Branch 
IFF Minus 
BMI 
2B 
2 
4/3 


Branch 
IFF Interrupt 
Mask Bit is Clear 
BMC 
2C 
2 
4/3 


Branch 
IFF Interrupt 
Mask Bit is Set 
BMS 
20 
2 
4/3 


Branch 
IFF Interrupt 
Line is Low 
Bil 
2E 
2 
4/3 


Branch IFF Interrupt 
line 
is High 
BIH 
2F 
2 
4/3 


Branch to Subroutine 
BSA 
AO 
2 
B/6 


Addressing 
Modes 


B~ Set/Clear 
8rt Test and Branch 


Function 
Mnemonic 
Op 
, 
, 
Op 
, 
HMOS/CMOS 


Code 
Bytes 
Cycles 
Code 
Bytes 
, of Cycle. 


Branch 
IFF Bit n is set 
BASEl 
n In = 0 ... 71 
- 
- 
- 
20n 
3 
10/5 


Branch IFF ~ 
n is dear 
BAClA 
n In = 0 ... 71 
- 
- 
- 
01 + 2. n 
3 
10/5 


Set Bit n 
BSEl 
n In = 0 ... 71 
10 + 2. 
n 
2 
7/5 
- 
- 
- 


Clear bit n 
BClA 
n In = O. .. 7) 
11+2-0 
2 
7/5 
- 
- 
- 


Addressing Modes 


Immediate 
Direct 
Extended 
Indexed 
Indexed 
Indexed 


(No Offset) 
I8-Bit 
Offset) 
118-Bit Offsetl 
Function 
Mnem. 
Op , 
Cycles 
Op , 
Cycles 
Op 
Cycles 
Op , 
Cycles 
Op , 
Cycles 
Op , 
Cycles 
, 


Code 
Bytes 
I•••• notBl 
Code 
Bytes 
I•••• notBl 
Code 
Bytes 
hlle notB) Code 
Bytes 
I•••• notB) Code 
Byte. 
I•••• notBl 
Code 
Bytes 
I•••• nole) 


Load A from Memory 
LOA 
A6 
2 
2/2 
B6 
2 
4/3 
C6 
3 
5/4 
F6 
1 
4/3 
E6 
2 
5/4 
D6 
3 
6/5 


Load X from Memory 
LDX 
AE 
2 
2/2 
BE 
2 
4/3 
CE 
3 
5/4 
FE 
1 
4/3 
EE 
2 
5/4 
DE 
3 
6/5 


Store A In Memory 
STA 
- 
- 
- 
B7 
2 
5/4 
C7 
3 
6/5 
F7 
1 
5/4 
E7 
2 
6/5 
D7 
3 
7/6 


Store X In Memory 
STX 
- 
- 
- 
BF 
2 
5/4 
CF 
3 
6/5 
FF 
1 
5/4 
EF 
2 
6/5 
DF 
3 
7/6 


Add 
Memory 
to A 
ADD 
AB 
2 
2/2 
BB 
2 
4/3 
CB 
3 
5/4 
FB 
1 
4/3 
EB 
2 
5/4 
DB 
3 
6/5 


Add 
Memory 
and 
ADC 
A9 
2 
2/2 
B9 
2 
4/3 
C9 
3 
5/4 
F9 
1 
4/3 
E9 
2 
5/4 
D9 
3 
6/5 
Carry to A 


Subtract Memory 
SUB 
AO 
2 
212 
BO 
2 
4/3 
CO 
3 
5/4 
FO 
1 
4/3 
EO 
2 
5/4 
DO 
3 
6/5 


Subtract Memory from 
SBC 
A2 
2 
2/2 
8i 
2 
4/3 
C2 
3 
5/4 
F2 
1 
4/3 
E2 
2 
5/4 
D2 
3 
6/5 
A with Borrow 


AND 
Memory 
to A 
AND 
A4 
2 
2/2 
84 
2 
4/3 
C4 
3 
5/4 
F4 
1 
4/3 
E4 
2 
5/4 
D4 
3 
6/5 


OR Memory with A 
ORA 
AA 
2 
2/2 
8A 
2 
4/3 
CA 
3 
5/4 
FA 
1 
4/3 
EA 
2 
5/4 
DA 
3 
6/5 


Exclusive OR Memory 
EOR 
A8 
2 
2/2 
88 
2 
4/3 
C8 
3 
5/4 
F8 
1 
4/3 
E8 
2 
5/4 
D8 
3 
6/5 
with A 


Arithmetic 
Compare A 
CMP 
A1 
2 
2/2 
Bl 
2 
4/3 
Cl 
3 
5/4 
Fl 
1 
4/3 
Fl 
2 
5/4 
Dl 
3 
6/5 
with Memory 


Arithmetic 
Compare X 
CPX 
A3 
2 
2/2 
B3 
2 
4/3 
C3 
3 
5/4 
F3 
1 
4/3 
E3 
2 
5/4 
D3 
3 
6/5 
with Memory 


Bit Test Memory with 
81T 
A5 
2 
2/2 
85 
2 
4/3 
C5 
3 
5/4 
F5 
1 
4/3 
E5 
2 
5/4 
D5 
3 
6/5 
A (Logical Comparel 


Jump Unconditional 
JMP 
- 
- 
- 
8C 
2 
3/2 
CC 
3 
4/3 
FC 
1 
3/2 
EC 
2 
4/3 
DC 
3 
5/4 


Jump to Subroutine 
JSR 
- 
- 
- 
8D 
2 
7/6 
CD 
3 
8/6 
FD 
1 
7/5 
ED 
2 
8/7 
DD 
.3 
9/7 


Addressing 
Modes 


Inherent 
IAI 
Inherent 
IXI 
Direct 
Indexed 
Indexed 
(No Offsetl 
I8-Bit 
Offset I 


Funetton 
Mnem. 
Op , 
Cycles 
Op , 
Cycles 
Op , 
Cycles 
Op , 
Cycles 
Op , 
Cycles 
Code 
Bytes 
1_ 
notel 
Code 
Bytes 
(_ 
note) Code 
Bytes 
1_ 
note} 
Code 
Bytes 
(_ 
notel 
Code 
Bytes 
1_ 
notel 


Increment 
INC 
4C 
1 
4/3 
5C 
, 
4/3 
3C 
2 
6/5 
7C 
1 
6/5 
6C 
2 
7/6 


Decrement 
OEC 
4A 
1 
4/3 
5A 
1 
4/3 
3A 
2 
6/5 
7A 
1 
6/5 
6A 
2 
7/6 


Clear 
CLA 
4F 
1 
4/3 
5F 
, 
4/3 
3F 
2 
6/5 
7F 
, 
6/5 
6F 
2 
7/6 


Complement 
COM 
43 
1 
4/3 
53 
, 
4/3 
33 
2 
6/5 
73 
1 
6/5 
63 
2 
7/6 


Negate 
(2'5 complement) 
NEG 
40 
1 
4/3 
50 
1 
4/3 
30 
2 
6/5 
70 
1 
6/5 
60 
2 
7/6 


Rotate 
Left Thru 
Carry 
AOL 
49 
, 
4/3 
59 
1 
4/3 
39 
2 
6/5 
79 
, 
6/5 
69 
2 
7/6 


Rotate 
Right Thru 
Carry 
AOA 
46 
, 
4/3 
56 
1 
4/3 
36 
2 
6/5 
76 
, 
6/5 
66 
2 
7/6 


'oglcal 
Shift 
Left 
LSL 
46 
, 
4/3 
56 
, 
4/3 
38 
2 
6/5 
78 
, 
6/5 
66 
2 
7/6 


Logical 
Shift 
A,ght 
LSA 
44 
, 
4/3 
54 
, 
4/3 
34 
2 
6/5 
74 
, 
6/5 
64 
2 
7/6 


Artthmeuc 
ShIft 
Right 
ASA 
47 
1 
4/3 
57 
, 
4/3 
37 
2 
6/5 
77 
, 
6/5 
67 
2 
7/6 


Test for Negative 
or Zero 
TST 
40 
, 
4/3 
50 
, 
4/3 
30 
2 
6/4 
7D 
, 
6/4 
60 
2 
7/5 


, 
Inherent 


Function 
Mnemonic 
Op 
I 
HMOS/CMOS 
Code 
Bytes 
I of Cycles 


Transfer 
A to X 
TAX 
97 
1 
2/2 


Tfanster 
X to A 
TXA 
9F 
1 
2/2 


Set Carry Bit 
SEC 
99 
1 
2/2 


Clear Carry 
Bit 
CLC 
9B 
1 
2/2 


Set Interrupt Mask Bit 
SEI 
9B 
1 
2/2 


Clear Interrupt Mask Bit 
CLI 
9A 
1 
2/2 


Software 
Interrupt 
SWI 
83 
1 
11/10 


Return from Subrouttne 
RTS 
81 
1 
6/6 


Return from Interrupt 
Rli 
80 
1 
9/9 


Reset 
Stack 
POinter 
RSP 
9C 
1 
2/2 


No-Operation 
NOP 
9D 
1 
2/2 


Enable IAQ, Stop OscIllator· 
STOP 
8E 
1 
-/2 


Enable Interrupt, 
Stop Processor- 
WAIT 
8F 
1 
-/2 


Addressing 
Modes 
Condition 
Codes 


Bit 
Bit 


Indexed 
Indexed 
Indexed 
Set/ 
Test & 


Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
(No Offsell 
(8 Bitsl 
(16 Bits) 
Cleaf 
Branch 
H 
I 
N 
Z 
C 


ADC 
X 
X 
X 
X 
X 
X 
It. · 


It. 
It. 
It. 


ADD 
X 
X 
X 
X 
X 
X 
It. · 


It. 
It. 
It. 


AND 
X 
X 
X 
X 
X 
X 
·· 


It. 
It. · 
ASL 
X 
X 
X 
X 
·· 


It. 
It. 
It. 


ASR 
X 
X 
X 
X 
·· 


It. 
It. 
It. 


BCC 
X 
····· 


BCLR 
X 
····· 


BCS 
X 
· ·· ·· 
BEO 
X 
·· · · · 
BHCC 
X 
· ·· ·· 
BHCS 
X 
· ··· · 
BHI 
X 
· ···· 
BHS 
X 
··· · · 
BIH 
X 
·· ·· · 
BIL 
X 
· · · · · 
BIT 
X 
X 
X 
X 
X 
X 
·· 


It. 
It. · 
BLO 
X 
····· 
BLS 
X· 
····· 
BMC 
X 
·· ·· · 
BMI 
X 
·· ·· · 
BMS 
X 
·· · · · 
BNE 
X 
···· · 
BPL 
X 
· · · · · 
BRA 
X 
····· 
BRN 
X 
····· 
BRCLR 
X ·· ·· 


It. 


BRSEl 
X ·· ·· 


It. 


BSET 
X 
· · · · · 
BSR 
X 
····· 
CLC 
X 
· · · · 


0 


CLI 
X 
· 


0 · · · 
CLR 
X 
X 
X 
X 
·· 


0 
1 · 
_. 
CMP 
X 
X 
X 
X 
X 
X 
·· 
It. 
It. 
It. 


COM 
X 
X 
X 
X 
·· 


It. 
It. 
1 


CPX 
X 
X 
X 
X 
X 
X 
· · 


It. 
It. 
It. 


Addressing 
Modes 
Condition Codes 


B~ 
Bit 
Indexed 
Indexed 
Indexed 
Setl 
Tost& 


Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
(No Offset! 
18 B~s) 
116 B~sl 
Cle.r 
Branch 
H 
I 
N 
Z 
C 


OEC 
X 
X 
X 
X 
· · 


A 
A · 
EOR 
X 
X 
X 
X 
X 
X 
·· 


A 
A · 
INC 
X 
X 
X 
X 
· · 


A 
A · 
JMP 
X 
X 
X 
X 
X 
····· 
JSR 
X 
X 
X 
X 
X 
· · · ·· 


LOA 
X 
X 
X 
X 
X 
X 
· · 


A 
A · 
LOX 
X 
X 
X 
X 
)( 
X 
·· 


A 
A · 
LSL 
X 
X 
X 
X 
·· 


A 
A 
A 


LSR 
X 
X 
X 
X 
·· 


0 
A 
A 


NED 
X 
X 
X 
X 
·· 


A 
A 
A 


NOP 
X 
· · ··· 
ORA 
X 
X 
X 
X 
X 
X 
· · 


A 
A · 
ROL 
X 
X 
X 
X 
·· 


A 
A 
A 


RSP 
X 
· ···· 
RTI 
X 
, , , , , 


RTS 
X 
· · ·· · 
SBC 
X 
X 
X 
X 
X 
X 
· · 


A 
A 
A 


SEe 
X 
· ··· 
1 


SEI 
X 
· 


1 · ·· 
STA 
X 
X 
X 
X 
X 
· · 


A 
A · 
STX 
X 
X 
X 
X 
X 
· · 


A 
A · 
STOP' 
X 
· 


1 ·· · 
SUB 
X 
X 
X 
X 
X 
X 
· · 


A 
A 
A 


SWI 
X 
· 0 ·· · 
TAX 
X 
· · · · · 
TST 
X 
X 
X 
X 
· · 


A 
A · 
TXA 
X 
· ··· · 
WAIT" 
X 
· 


0 · · · 
·CMOS 
Instructions Only 


Condition 
Code Symbols 
H 
Half Carry (From 
Bit 31 
I 
Interrupt Mask 
N 
Negative (Sign Bltl 
Z 
Zero 


Carry! Borrow 


Test and Set If True, Cleared OtherWIse 
Not Affected 


Load CC Register From Stack 


TABLE 
9 
- 
MC6805/MCl467806INSTRUCTION 
SET 
OPCODE 
MAP 


Bit 
Mon •••• lotion 
Sr.net'! 
Read/Modify/Write 
- 


Control 
Reailter 
I Memory 
INHX 
IXl 
I 
INH 
H 
I 
OIR 
IX2 
, 


~; 
.:;., 
oo~o 
(x)~1 
0;0.. 


01~1 
01~O 
8 
9 
I 


A 
, 
8 


1~ 
0 
E 
H~ 
000' 
0111 
'000 
'00' 
1010 
1011 
1101 
1110 
1111 


10 
5 
7 
5 , 
3 
6 
5 , 
3 , 
J 
I 
, . • 
; 
9 
1 
, 
, 
3 
5 
, < 
, 
, , 


~ 
BRSE!~. 
BSE~~c 
BR':,,, 
NEGO'R 
NEGA 
1 NEG~NH 
) 
NEG 
NEG 
RTI,," 
SUB 
7 
SUBO'R 
SU~XT 
SUB,., 
SUB 
SUB 
~ 
, 
INH 
'" 
" 
'M 
IX' 
, 
, 


'0 
5 
7 
5 , 
3 
0 


RTS 
' I 


2 
2 , 
) 
5 
, 
6 
5 
5 
, , 
3 
~, 
BRCL~~R 
BCL~~r 
BRNR" 
CMP 
CMP 
CMP 
CMP 
CMP 
CMP 
, 
, 
'N- 
2 
'MM 
J 
QIR 
", 
3 
,x 
2 
,x, 
, 
'x 
000' 


'~ASET15 
7 
,5 
, 
3 


I 
I 
,,--4 


2 
, 
3 
, 
5 
, , 


2 
BSE~~r 
BHI." 
SBC 
2 
SBC 
3 
SB~Xl 
SBC 
SBC 
SBC 
2 


00'0 
-.T. 
.MM 
O'R 
) 
1X2 
2 
'x, 
, 
IX 
00'0 


'BRCLR" 


7 
5 , 
3 
6 
5 , 
3 , 
3 
• • 
, 
2 
, 
CPX 
J , 
, • 
, 
4 
J., 
BCL~~c 
BLSR" 
COMO'R 
COMA 
1 COM~H 
7 
COM 
COM 
SW; 
CPX 
) 
CPXEX, 
CPX 
CPX 
CPX 
3 
-OT'. 
, 
INH 
'XI 
, 
" 
," 
2 
IMM 
2 
DIR 
3 
IX 
'x, 
, 
'x 
0011 


'aRSEn' 


7 
5 
4 
3 
6 
5 , 
) , 
3 , 
6 
6 
; 
I' 
AND 
' 
) 
, 
4 
6 
5 
4 
4 


,;)., 
BSE~~r 
BCCR" 
lSR 


nlR 


lSRA 
lSRX 
LSR 
lSR 
7 
AND 
1 
AN~XT 
AND 
AND 
AND 
4 
-.f. 
, 
'NH 
, 
IN" 
J 
Ix1 
, 
, 
I, 
, 
0" 
, 
'x 
'Xl 
, 
IX 
0100 


'~RCLR25 


5 
4 
3 
2 
2 
4 
BIT 
) 
5 
BIT 
' 
6 
4 
4 


n~, 
BCL~~r 
BCSR" 
I, 
BI~" 
1 
BIT 
BIT 
BIT 
n,~, 
".,". 
, 
nlA 
1 
~x T 
IX 
IX' 
, 
IX 


'~RSET35 
5 , 
3 
6 
5 , 
3 
4 
3 
i 
b 
I) 
, 
2 
, 
J 
5 
, 
6 
5 
, 
4 
3 


~n 
BSE~~r 
BNE." 
RORn'R 
RORA 


1 ROR~""'H 
, 
ROA" 
; • 
ROR 
I, 
lOA' 
2 
LOA 
3 
LO~x, 
LOA 
lOA 
LOA 
6 
., 
-AlA 
I 
INH 
, 
IMM 
0" 
) 
IX 
IXI 
, 
IX 
0110 


'BACL~,3: 


5 
4 
3 
6 
5 
4 
3 , 
3 
• • 
; 
2 
, 
STA 
4 , 


, 
STA 
STA 
' 
5 
4 


7 
BCL~~r 
BEOR" 
ASRO'R 
ASAA 
ASRX 
, 
ASR 
ASR 
TAX 
3 
ST~x, 
STA 
7 


11' 
I 
INH 
I 
'NH 
'" 
, 
, 
If\jd 
} 
DIR 
3 
" 
IXI 
I 
X 
r'111\ 


'BRSE!~. 
5 , 
3 
6 
5 
4 
3 , 
3 
7 
6 
6 
" 
2 
2 
4 
3 , 
, 
6 
4 , 


,~ 
BSE~1c 
BHC~H 
LSL 


01A 


LSLA 
lSlX 
LSL 
I 
lSl 
CLC 
I, 
EO~ 
, 
EOR 
1 
EORFXT 


EOR 
EOR 
EOR 
B 
, 
INH 
I 
INH 
'] 
xl· 
~ 


INH 
O'R 
1 
IX 
'" 
, 
IX 
'000 


'0 
5 
7 
5 , 
3 
6 
5 
4 
3 
, 
3 
7 
• 
6 
, 
2 
2 
4 
3 


5 
ADC 
4 
6 
4 
4 


ADC 
J 
9 
BRCL~,". 
BCL~~r 
BHC~" 
AOL 


nlR 


ROLA 
ROLX 


J 
ROl 
1"'111 
ROL 
SEC 
ADC 
ADC 
ADC 
ADC 
9 


'00' 
, 
INH 
1 
INH 


" 
, 
INH 
2 
'MM 
2 
O'R 
3 
EXT 
3 
1X2 , 
IX' 
, 
IX 
'00' 


I~RSE!~. 


7 
5 , 
3 
6 
5 , 
3 
4 
3 
7 
6 • 
5 
2 
I} 
ORA 
' 
ORA 
J 
, 
ORA 
' 
ORA 


4 
ORA' 
,~" 
BSE~~r 
BPLR" 
DECI'\IR 
OECA 
DECX 
DEC 
DEC 
Cli 
ORA 
A 


I 
INH 
, 
INH 
2 
Xl 
, 
x 
, 
'NH 
2 
'MM 
,2 
O'R 
3 
EXT 
3 
1X2 
2 
IXI 
, 
IX 
1010 


'0 
7 
5 , 
3 
I' 
ADD 
4 
ADD 
J , 
, 
ADD 


4 
4 


ADD 
J 


1~1 
BACL:,5. 
BCL~~c 
BM~H 
; 
SEI 
1 
AD~XT 
ADD 
B 
, 
INH I J 
IMM 
, 
DIR 
3 
1X2 
2 
IX' 
, 
IX 
1011 


'~, 
BSE~~; 
4 
6 


INC 
' 
, 


3 
4 
3 
7 
6 , 
5 
, 
2 
3 
JMP 


4 
5 
JMP , 
4 
J 
JMP 
} 
,~ 
BASEJ~. 
BM~" 
INCA 
'INCX 
INC 
INC 
RSP 
JMP 
JMP 
C 
-O'R 
, 
INH 
, 
INH 
'Xl 
, 
-4- -- 
, 
'NH 
2 
DIR 
3 
EX. 
3 
,x2 
2 
IX' 
I 
IX 
1100 


'aRCL~~R 
BCL~~: 
' 


6 
4 
4 
3 
4 
5 
6 
2 
2 
9 
, 
JSR 
JSR 
' 


1~1 
BM~" 
TSTn'R 
TSTA 
TSTX 
TST 
TST 
NOP 
2 
BSRRO, 


J~ 


JSR 
JSR 
0 


I 
INH 
I 
INH 
IXI 
I 
IX 
, 
INH 
2 
DIR 
~ 
EXT 
3 
1X2 
2 
IX' 
I 
IX 
1101 


10 
5 
7 
5 , 
3 
I} 
lOX 
: 
LOX OIR 
3 
lDXEXT 


' 
LOX 
' 


4 , 
LOX 
J 


l~n 
BASE!l. 
BSE~~r 
BIL." 
STOP 
LOX 
E 


I 
INH 
2 
IMM 
3 
IX2 
IXI 
1 
IX 
1110 


'BRCLR7 
BCLR7' 
, 
6 
CLA 
' 
4 


3 
4 
7 
6 
6 
5 
5 
STX 
4 
, 
STX 
STX 
' 
, 
STX 
• 
F 
BIH 
CLRA 
CLRX 
CLR 
ClR 
WAIT 
TXA 
STX 
F 


1111 
3 
8'8 
2 
.SC 
2 
REL 
2 
O'R , 
INH 
I 
INH 
2 
IXI 
I 
IX 
, 
INH , 
INH 
2 
O'R 
3 
eXT 
3 
D(2 
2 
IX' 
I 
" 


1111 
I 


~ 
for 
Add 
••• 
Model 
LEGEND 


INH 
Inherent 
Opcode in Hexadecimal 
IMM 
Immechate 
F 
~ 
DIR 
Direct 
1111 .••... 


EXT 
Extended 
Cycles, 
MC6B05 
(HMOS) 
4 
3 
rk~ 
REL 
Relative 
Mnemonic 
SU~~ 
BSC 
Bit Sell Clear 
Bytes 
1 
IX 


BTB 
Bit TeSt and Branch 
/ 
'" 
IX 
Indexed 
{No 
Offsetl 
Cycles, 
MC46B05 
(CMOS) 
Address 
Mode 


IXl 
Indexed, 
1 Byte 
IB-Bitl 
Offset 


IX2 
Indexed, 
2 Byte 
116-8il1 
Offset 


AD0062 


·CMOS 
only 


The MC6805U2L1/ P1 is a device containing two separate 
ROM programs which can be used to evaluate the perfor- 
mance of the MC6805U2. The two programs allow the user 
to operate the part in a mOnllor mode or as an ASCII 
keyboard encoder. The monitor mode allows the user to ex- 
amine, 
change 
and 
execute 
programs 
in 
the 
memory 
through a series of commands. There are 43 bytes in RAM, 
locations 4C to 76 where the user can write and execute his 
own evaluation program. Note: The upper RAM memory 
limit will vary depending on stack usage. The following is a 
list of commands available to the user. 


R - 
Print registers. Format is CCCC AA XX PP. 


A 
- 
Print/change 
A accumulator. 
Prints the register 
value, then waits for new value. Type any non-hex character 
to exit. 


X - 
Print/change 
X accumulator. 
Works the same as 
"A", 
except modifies X instead. 


M - 
Memory examine/change. 
Type M AAA to begin, 


then type 


- 
to re-examine 
current 


A - 
to examine previous 
CR - 
to examine next 


DD - 
new data 
Anything' else exists memory command. 


C - 
Continue program. Execution starts at the location 
specified in the program counter, and continues until an SWI 
is executed or until reset. 


E - 
Execute from address. Format is E AAA. AAA is any 


valid memory address. 


S - 
Display Machine State. All Important registers are 


displayed, as well as all 64 bytes of RAM. 


Figure 
21 
shows 
the 
connection 
diagram 
for 
the 


Monitor/Keyboard 
Evaluation Circuit. For the monitor mode 
of operation only the port C connections are required. By 
proper connection 
to bits CO and Cl 
the baud rate is 
selected. The monitor mode is selected by grounding bits C2 
and C3. The serial input is the C4 bit and serial output is the 
C5 bit. The remaining ports may be connected as desired to 
evaluate the part. 
The keyboard encoder routine translates a key-matrix con- 


figuration to ASCII characters. The key-matrix configuration 
is shown in Figure 22 and is related to the proper port I/O 
connections. The output mode may be selected to have both 
a serial format with output on the C5 bit and a parallel format 
using port B as output, or a parallel output format using port 
B only. 


The encoder program features two-key-Iockout 
for the 
control 
keys while 
simultaneously 
having 4-key 
rollover 


(minimuml for alphanumeric keys. 
The port 
B parallel output 
functions 
as follows. 
The 
character is output 
to bits 0-6, then a negative strobe is 
transmitted to the host device via bit 7, followed by a 24 cy- 
cle 
pause, 
then 
a positive 
strobe 
is transmitted. 
The 
character 
will 
remain 
on 
the 
B port 
for 
at 
least five 
milliseconds following the positive strobe, 


Note that part of the 8 x 16matrix capability is shared (port 


C, bits 0-5) on this Demonstration ROM by the monitor pro- 
gram. 


FIGURE 21 - 
MONITOR/KEYBOARD 
EVALUATION 
CIRCUIT 


+5V 


27 pF 
1 ~F 


10 k Pull ups r 
6 
4 
~ 


B 
VCC 


D7 
17 
25 
80 


D6 
1B 
26 
81 


6 
D5 
19 
82 
27 
ASCII 
D4 
20 
28 '83 
Parallel 
Output 


D3 
21 
29 
84 


3 
D2 
22 
85 
Strobe Output 
30 


D1 
23 
31 
86 
-U- 


6 


DO 
24 
32 
87 
CO-C4, C6, C7 


DD-D7 
8 
MC6805U2L1 


A7 
40 
CO 


15 


+5V 
9 


14 
16 


A6 
39 
10 
Cl 


A5 
38 
C2 


13 


11 


A4 
37 
12 


8 
AD-A7 
11 
A3 
38 
15 


A2 
35 
10 


16 


Al 
34 
9 


AO 
33 
13 
In 
ASCII 


Out 
Senal 
14 


8 
3.3 k 


TMR 
I 
t---"v \/" 
- .• 
+5V 


3 
I 
I 
2N2222 


il'IT 
IP= 


!lSi 
I 
In I 


Reset t-i 
I 
1N914 


I 
Optional 


I 


+ 12 V 
RS232C 


I 
5) 
C3 
C2 
C1 
L_ 
a 


-12 
V 


C1 
CO 
8aud 
Rate 


0 
0 
300 8aud 
0 
1 
1200 8aud 


1 
0 
4800 8aud 
1 
1 
9600 8aud 


C3 
C2 
C1 
CO 
Mode Select 


0 
0 
X 
X 
Monitor 
- 
Serial Input/Output 


1 
1 
X 
X 
K82 Parallel and Senal Output 


1 
0 
X 
X 
K81 
Parallel Output, 
Only 


0 
1 
X 
X 
Not Used 


PDO 
PD7 
PCO 
PC7 


! 
" , 
$ 
% 
& 
I 
X 
X 
X 
X 
ESC 


~ 


X 
X 
, 
2 
3 
4 
5 
6 
7 
8 


Q 
W 
E 
R 
T 
Y 
U 
I 
TAB 


A 
S 
D 
F 
G 
H 
J 
K 
BS 
'II 


z 
x 
C 
V 
B 
N 
M 
L 
LF 


+ 
< 
> 
? 
DEL 
0 
P 
@ 
I 


J 
= 
- 
I 
I 
DEL 
9 
0 
A 
I 
\ 
) 
- 


SP 
ESC 
TAB 
BS 
LF 
DEL 
CR 
NUL 
CR 


PA7 
CTRL SHIFT 


X: 
Specifically assigned for demonstration 
purposes. 


The following 
information 
is required when ordering a 
custom 
MCU. 
This 
information 
may be transmitted 
to 
Motorola in any of the following media: 


PROMlsl 
MOOS disk file 


To initiate a ROM pattern for the MCU, it is necessary to 
first contact your local field service office, local sales person 
or your local Motorola representative. 


PROMs - 
The MCM2708 or MCM2716 type PROMs, pro· 
grammed with the customer program Ipositive logic sense 
for address and datal, 
may be clearly marked to indicate 
which 
PROM 
corresponds 
to 
which 
address 
space 
I$()()()·$FFFHEXI. See Figure 23 for recommended marking 
procedure. 
After PROMIs) are marked, they should be placed in con· 
ductive 
IC carriers and securely packed. 
DO NOT USE 
STYROFOAM. 


MOOS OISKFILE - 
The diskette delivered to Motorola 
should be single sided, single density with a minimum of the 
operating system on disk and the users program on disk in 
the". 
LX" format. All other information 
is extra. The user 
should indicate clearly the name of the program. 


Option List 


Select the options for your MCU from the following list. A 


manufacturing mask will be generated from this information. 


ROM Mask 
Timer Clock Source 
Internal 4>2clock 
TIMER input pin 18) 


Timer Prescaler 
20 Idivide by 11 
21 Idivide by 21 
22 Idivide by 4) 
23 Idlvide by 81 
z4 Idivide by 161 
25 Idivide by 321 
26 Idivide by 641 
27 Idivide by 1281 
Internal Oscillator Input 
Crystal 
Resistor 
Low Voltage Inhibit 
Disable 
Enable 


~ 


XXX 
~ 


XXX 


Customer Name --------------------------- 
_ 


Address 


City 
Phone(----J 


Contact Ms/Mr 


Customer Part Number 


_________________ 
State 


________________ 
Extension 


2708 
PROM 


2716 
PROM 


MOOS 
Disk File 


(Note 2) 


Signature 
_ 


Title 


CD 
:::::::::::~~:~::::::I 


rmtHtttttttHttrr 


H _ 
T 


··0 
G- 


, r 
1 
'ell 
'N : 


K 


._J 
M_ 


lMllllMETERS 


DIM 
MIN IMAX 
A 
5019 
!l1Jl 


B 
1463 
1549 


C 
3M 
432 


o 
038 
OS] 


f 
016 
140 


G 
254 sse 


J 
0201033 
K 
254 
419 


l 
1499 
1565 


M 
100 


N 
101 
152 


INCH"~ 
l 
M 
;:OI' ~~1~ 
0576 
0610 


0120 
0110 


0015 
0021] 


0030 
DOSS 


o ~d8001 ~sg13~ 
0100 
0165 
05900616 
Ill' 


00400060 


[-lI[o'''OOIOi dT]A-;] 


3 I1J 15 SEA 
TlNG 
PLANE 


4 
DIMENSION"l 
TO CENTER 
OF lEADS 


WHEN 
fORMED 
PARALLEL 


!i DIMENSIONING 
AND 
TOlERANCING 
PfR ANSI .,.14 5,1913 


NOTES 
I 
POSlTlO~Al 
TOLERANCE 
OF lEADS 
101 


SHALL 
I!E WITHIN 
025 
mm 
(00101 
AT 


MAXIMUM 
MATERIAL 
CONDITION, 
IN 


RElATION 
TO SEATING 
PLANE 
AND 
EACH 
OTHER 
2 
DIMENSION 
l TO CENTER 
OF 
LEADS 


WHEN 
fORMED 
PARAllel 


3 
DIMENSION B DOES NOT INCLUDE 


MOLD 
FLASH 


NOHS 
I 
01MEHSION[A]ISOATUM 
~ POSITIONAL 
TOLERANCE 
fOR 
LEAOS 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
715-05 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
711-01 


Motorola 
reserves 
the right 
to make changes 
10 any products 
herein 
10 Improve 
rellablltly. 
functIon 
or deSign 
Motorola 
does nOI assume 
any liabIlity 
arlsmg 
oul 
of the 
appltcallon 
or use of any product 
or Circuli 
described 
herem; 
neITher does 
It convey 
any license 
under 
ItS patent 
fights 
nor the fights 
of others 


S SUFFIX 


CERDIP 
PACKAGE 


CASE 
734·03 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
51.31 
53.24 
2.020 
2.096 
B 
12.70 
15.49 
0.500 
0.610 
C 
4.06 
5.84 
0.160 
0.230 
0 
0.38 
0.56 
0.015 
0.022 
F 
1.27 
1.65 
0.050 
0.065 


G 
2.54 BSC 
0.100BSC 
J 
0.20 
0.30 
0.008 
0.0'2 
K 
3.18 
4.06 
0.125 
0.160 
L 
15.24 BSC 
0.600 BSC 
M 
5° 
15° 
5° 
15° 


N 
0.51 
1.27 
0.020 
0.050 


NOTES: 


1. 
OIMENSION-A-IS DATUM. 


2. 
POSITIONAL TOLERANCE 
FOR LEADS: 
I + I ~ 0.25 10.0'0) e 1 T IA e I 


3. [I] IS SEATING PLANE. 
4. 
DIMENSION L TO CENTER 
OF LEADS WHEN FORMED 
PARALLEL 
5. 
DIMENSION A AND 8 
INCLUDES MENISCUS. 


M6805 
Family System Configuration 
. 


MC6W5P2 
MCl46005E2 
MC6W5R2 
MC6W5U2 
t&~_ 
MC88lIOliP3 
And Programming 
Features 
. 


Technology 
HMOS 
CMOS 
HMOS 
HMOS 
CMOS 
HMOS 


Number of PinS 
2B 
40 
40 
40 
40 
.28 


On-Chip 
RAM 
IBytes) 
64 
112 
64 
64 
112 - 
112 


Gn-Chip 
Use, ROM IBytesl 
Uk 
None 
2 < 
2 k 
~- '2.2k 
. 
'.Bk·EPROM 


Expansion Bus 
None 
Ves 
None 
None 
None_~ 
None 


Bidirectional 
110 lines 
20 
16 
32 
32 
32.s" 
20 


1/0 
Options 
None 
None 
AID 
Converter 
None 


' __ ne 
. 
None 


Software 
Compatibility 
SimIlar to M6800 
~1OMelllJ) 


True Bit Manipulation 
Ves 
Ves 
I 
Ves 
Ves 
Yes 
T 
Yes 


Instructions 
59 
1 
61 
I 
59 
I 
59 
8' 
T 
59 
, 


T en Addressing 
Modes 
Ves 
Ves 
I 
Ves 
Ves 
'l'e8 
:1 
,... :-.- 


The MC141000 
family 
is a series of 4·bit 
CMOS Microcomputers 
designed for 
dedicated 
applications. 
The CMOS technology 
of 
the 
MC141000 
family 
provides 
the 
flexibility 
of 
microcomputers, 
for 
battery·powered 
and battery·backed·up 
applications. 
The 
MC141000 
and MC141200 
include 
ROM, RAM, 
and I/O 
for self-contained 
con- 
figurations 
in 28 and 40-pin packages. The 48·pin MC141099 has RAM 
and I/O with 
provision 
for external 
program memory. The MC141099 
serves lower·volume applications such asprototyping 
or pilot production 
of MC141000 and MC141200 systems. 


FEATURES 
MC141000 I MC141200 I MC141099 


Package 
Pin Count 
28 Pins 
I 
40 Pins I 
48 Pins 


Instruction 
Read Only Memory 
1024 X 8 18,192 Bitsl I 
None 


Oat8 Random Access Memory 
64 x 4 1256 Bitsl 


"R" 
Individually 
Addressed Outputs 
11 
I 
16 
I 
16 


"0" 
Parallel Latched Data Outputs 
8 Bits 
I 
5 Bits 


"R It and "0" 
Output Drive 
Source 
20 mA 


Maximum-Rated 
Voltage 
6.5 V 


Working 
Registers 
Static 2-4 
Bits Each 


Instruction 
Set 
See Tabla 2 


External Address Lines 
None 
I 
10 


On-ehip 
Oscillator 
Ves 


Mlximum 
5 V, 600 kHz 
11.5mW 


Power 
5 V, 100 kHz 
2.8mW 


Diaipation 
3 V, 200 kHz 
1.5mW 


3V,30kHz 
O.36mW 


APPUCA TIONS 
• Appliance Controllers 
• Heating/Ai r·Condition ing 
• Calculators 
Controllers 
• Toys 
• Remote Sensing System 
• Radio Controllers 
• Printing Controller" 
• Communications 
Controllers 
• Security Systems 
• Data Terminals 
• Power Systems Control 
• Cash Registers 
• Automotive 
Control 


The 
above applications 
of 
the MC141000 
family 
demonstrate 
its 
wide 
potential. 
Motorola 
accepts customer 
programs or will 
contract 
complete 
program development 
given the specifications 
for the appli- 


cation. Customer hardware and software support 
is available for devel· 
oping programs and debugging systems. This consists of one board and 
a software 
package using the M6800 
EXORciser. 
Contact 
your 
local 
salesoffice for details, 


MC141000 
MC141200 
MC141099 


P SUFFIX 
PLASTIC 
PACKAGE 
CAse 
711 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
715 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-0.5 to +6.5 
Vue 


Input 
Voltage, 
All Inputs 
Yon 
-0.5 to VOO + 0.5 
Vde 


DC Current 
Drain 
per Pin, All Inputs 
I 
10 
mAde 


DC Current 
DraIn, 
VDD PIn 
I 
250 
mAde 


DC Current 
Drain, 
VSS Pin 
I 
20 
mAde 


Operating 
Temperature 
Range 
TA 
-40 
to +85 
°c 


Storage 
Temperature 
Range 
TstQ 
-65 
to + 150 
OC 


Total 
Power 
DISSIPation 
Po 
See Figure 
1 
mW 


This 
device 
contains 
circuitry 
to protect 
the 
inputs 
against 
damage 
due 
to 
high 
static 
voltages 
or 
electric 
fields; 
however, 
it 
is 
advised 
that 
normal 
precautions 
be taken 
to 
avoid 
application 
of any 
voltage 
higher 
than 


max imum 
rated 
vol tages 
to 
this 
high 
Impedance 
circuit. 
For 
proper 
oPeration 
it is 
recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to the range VSS ~ 
(Vin or Vout) 


';;VOO· 


Parameter 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
- High Speed 
Clock 
VOO 
+4.75 
to +6.0 
Vde 
Full 
Range 
Operation 
+3.0 to +6.0 


Clock 
Frequency 
- VOO ~ 5.0 Vde ± 5% 
!Clk 
DC to 600 
kHz 
VOD:: 
3.0 Vdc Min. 
DC to 200 


Characteristic 
Svmbol 
Min 
Typ 
M•• 
Unit 


Input 
Current 
- 
K Inputs 
and 
INIT 
lin 
I-lAdc 
(V in • 5.0 VI 
75 
100 
135 
(V in • 0.0 VI 
- 
-0.סס OO1 
-0.3 


Input 
Current 
, Inputs (MC141099 Only) 
lin 
J.lAdc 
(Vin • 5.0 VI 
- 
0.00001 
0.3 
(Vin = 0.0 VI 
- 
-0.00001 
-0.3 


Input 
Voltage 
- 
J Inputs 
(MC141099 
Only) 
Vde 


VIL 
- 
- 
0.8 
V,H 
2.0 
- 
- 


Input 
Voltage 
- 
Other 
Inputs 
Vde 


V,L 
- 
- 
1.5 


VIH 
3.5 
- 
- 


Output 
Orlve 
Rand 
0 Outputs 
mAde 
(VOH 
:II: 2.4 VI - 
See Figure 
2 
'OH 
-20 
- 
- 
(VOL' 
0.4 V. TA' 
85°C. VOO' 
4.75 VI 
'OL 
1.6 
- 
- 


Output 
Onve 
- 
PA and PC Outputs 
IMC141099 
Only) 
J.lAdc 
(VOH = 4.6 VI 
IT A = 85°C. VOO = 4.75 VI 
'OH 
-100 
- 
- 
(VOL' 
0.4 VI 
'OL 
100 
- 
- 


Average 
Supply 
Current 
'DO 
- 
See Figure 
3 
J.lAdc 


Static 
Supply 
Current 
100 
- 
60 
300 
J.lAdc 
(V DO • 6.0 VI 


Oscillator 
Frequency 
'Clk 
No Limit 
- 
600 
kHz 
(V DO = 4.75 VI 


Internal 
Oscillator 
Frequency 
for Rext 
'" 30 kn 
'Clk 
400 
500 
600 
kHz 


Input 
Capacitance 
- 
K Inputs 
and 
INIT 
Cin 
- 
- 
7.5 
pF 


Input 
Capacitance 
- 
Clock 
Input 
Cio 
- 
- 
30 
pF 


where T stg is maximum 
storage temperature 
(1SOoCI 


T A is ambient 
operating 
temperature 


Po is total pOwer dissipation: 


PD' 
(1001 IV DOl + (lOH)(VOO 
- VOHI + (lOL)(VOL 
- VSSI 


UOH and IOL are the sum of all output 
pins) 


;( 
,.§ 
•... 


~ 
20 
'"13 
wu 
'" 
=> 
~ 
10 
% 
E 


RS 
R9 
Neg 
R,a 
Supply. 
Vss 
1<1 
1<2 
1<4 
I<S 
INIT 
07 
06 
05 
04 
03 


2 
3 


VO' OUTPUT VOLTAGE IVd,) 


8JA 
Voluo 
Ce,.mic 
Plutic 
I 
28-Pin Pock_ 
58 
98 
I 40-Pin Pock_ 
50 
95 
I 
4B-Pin Pock_ 
50 
- 


_ 
3000 
~~ 
•...i 
_ 
2000 
'"z 
;:: 
~ 
o 
~ 
1000 
2x<2 
6 
E 


For 
RC Oscillator 
r 
V 


No de loads 
VOO 
•• 6 Vdc "' 
A 
./ •.•.... 


/" 
1/ 
V 
./ 
Voo 
"5 
Vdc 
!/ 


./ 
./ 
17 "/ 
v. V 


'/ ~- 
.-~ 
VOO' 
3 Vd< 


1 
2S 
2 
27 
3 
26 
4 
25 
5 
24 
6 
23 
7 
22 
S 
21 
9 
20 
'0 
19 
11 
lS 
12 
17 
'3 
16 
14 
15 


- 
1 
40 
2 
39 
3 
38 
4 
37 
5 
36 
6 
35 
7 
34 
S 
33 
9 
32 
10 
31 
11 
30 
'2 
29 
'3 
2S 
14 
27 
15 
26 
16 
25 
17 
24 
18 
23 
'8 
22 
20 
21 


R7 
AS 
A6 
A9 
RS 
A'O 
A4 
All 
A3 
Neg 
A12 
R2 
Supply. 
VSS 
A' 
K1 
AO 
K2 
POI Supply. 
V DO 
K4 
OSC2 
.1<8 
OSC' 
IN IT 
00 
07 
0' 
NC 
02 
NC 
NC 
06 
05 
04 
03 
NC 


R7 
R6 
R5. 
R4 
R3 
R15 
R'4 
R13 
NC 
R2 
Rl 
RO 
POI Supply. 
VOO 
OSC2 
OSCI 
00 
01 
02 
NC 
NC 


R8 
R9 
R10 
Rll 
R12 
Neg Supply. 
VSS 
1<, 
1<2 
1<4 
1<8 
INIT 
:~~"I 
{(LSSI m 


Out 
PCS 
PAO 
PAT 


, 
PA2 
(MSS) 
PA3 


I n.truction 
{17 


Input 
:: 


R7 
R6 
R5 
R4 
R3 
RT5 
R'4 
R'3 
R2 
R1 
RO 
Po. Supply. 
VOD 


OSC2 


OSCT 
OSL 
08 
04 
02 
OT 


)0 I 
IT 
Instruction 


12 ~ 
13 
Input 


14 


r-----' 
I 
I 
II 


A 
The accumulator 
is used to store the result of an 
ALU operation for subsequent operations. 


ALU 
The arithmetic 
logical unit performs calculation and 
decision-making tasks. 


K Inputs 
The K lines are the data Input port. Since there are 
only four input 
lines, they are usually multiplexed 
under control 
of the R lines. The inputs are diode 
protected and have a pull~own 
resistor of approxi- 


mately 
50 kH; 
therefore, 
open inputs are read as 
a logic low. 


o Outputs 
The eight outputs of the PLA are connected to out· 
put drivers which 
comprise the 0 outputs. 
These 


output drivers may be manufactured asopen emitter, 
active sink, or push·pull at the user's option. 


PLA 
The output 
programmable logic array is user-defined 
to specify the state of each of the eight 0 outputs 
for eachof the 32 possible PLAIR outputs. 


PLAIA 
The programmable 
logic array 
input 
register is a 
5~it 
latch which latches the four accumulator bits 
and the output of the status latch. 


Variable 
data is stored In the 64·word, 
4~it 
per 
word 
Random 
Access Memory. 
Data is accessed 
by decoding a 2·bit file address(X register) and 4-bit 
word address(V register). 


ROM Array 
The user's instructions 
are mask programmed into 
the 
Read Only 
Memory 
(ROMI. 
Instructions 
are 
addressed by a page address register (PAl and pro- 
gram 
counter 
(PCI. 
A 
single subroutine 
return 


register (SRRI and page buffer register (PBI permit 
a subroutine call to any location within 
the ROM. 


R Outputs 
The output 
of the V register is decoded to select one 
of the A·output 
lines which can then be set or reset 
under 
program control. 
The R 
tines are used as 
control 
lines to scan keyboards and displays, per· 
form handshakes, and interface external logic. The 
R outputs 
may be manufactured as open emitter, 


active sink, or push·pull at the user's option. 


S 
All branches and subroutine calls are dependent on 
the state of status logic. It may be set or reset on 
logical or arithmetic 
operations and is set by the 
remainder of the instructions. 


SL 
The status latch stores the state of the status logic 
in 
order 
to 
preserve it 
for 
subsequent 0 output 


operations. 


V Aegister 
The Y 
register is a multipurpose 
regiser used to 
addressa.word in a RAM file, to select an R output 
for 
manipulation 
by subsequent instructions, or as 
a general·purposecounting and storage register. 


The 
MC141000/1200/1099 
program 
controls 
data 
input, 
storage, 
processing, 
and output. 
The microcomputer 


internal 
organization 
is shown 
in Figure 
4. The 
processing 
of data 
occurs 
in the arithmetic 
logic unit 
(ALU). 
K·input 
data enters 
the ALU and is stored 
in the 4·bit 
accumulator. 


The accumulator 
output 
accesses 
the output 
latches, 
RAM 


storage, 
or 
the 
A LU input. 
Data 
is stored 
in the 
256-bit 
RAM, 
organized 
into 
64 words, 
4 bits per word. 
The 4·bit 


words 
are grouped 
into 
four 
16·word 
files addressed 
by a 
2·bit 
X register. 
The 
4·bit 
Y register 
addresses 
one of the 


16 words 
in a file. 


The 
43 
basic 
instructions 
handle 
110, constant 
data 
from 
the 
ROM, 
bit 
control, 
internal 
data 
transfer, 
arith- 


metic 
processing, 
logic 
comparison, 
conditional 
and 


nonconditional 
branching and subroutines. 


The 
system 
designer 
has access 
for mask 
programming 
the following 
functions: 


1. ROM - 
1024 Words of B Bits 


2. 
Programmable 
Logic Array 
for 0 Outputs 


3. Output 
Drivers 


The 
MC141000 
microcomputer 
consists 
of 
seven 


subsystems: 


1. Read Only 
Memory 
(ROM) 
2. 
Random 
Access 
Memory 
(RAM) 
3. Output 
Ports 


4. 
Input 
Port 
5. Arithmetic 
Logical 
Unit 
(ALU) 


6. The 
Instruction 
Decoder 
7. Clock 


The 
following 
paragraphs 
describe 
how 
each 
of these 
subsystems 
is 
controlled 
by 
the 
instruction 
set. 
Every 


instruction 
occupies 
a single 
memory 
byte 
and 
is executed 
in one instruction 
cycle 
(six clock 
cycles). 


ROM ARRAY 
The 
ROM in the MC141000/1200consists 
of 8192 
bits 
of 
mask-programmed 
memory 
organized 
as 
1024 
B-bit 


instructions. 
It is divided 
into 
16 pages of 64 instructions 
per page. See Figure 
5. 
Instructions 
within 
ROM 
are 
addressed 
by 
the 
page 
address 
register 
(PA) which 
contains 
the page number, 
and 
the 
program 
counter 
(PC) which 
contains 
the 
location 
of 


the 
instruction 
relative 
to the 
beginning 
of the 
page. 
The 


PC 
is incremented 
prior 
to 
fetching 
the 
next 
instruction 
(unless 
diverted 
by 
a BRanch 
or CALL) 
so each 
instruc- 
tion: 
is accessed 
in the 
numerical 
order 
of 
its 
address. 


A carry 
from 
the 
PC is not 
added 
to the 
PA so the 
pro· 


gram 
"wraps 
around" 
within 
the 
page rather 
than 
execut- 
ing 
the 
first 
instruction 
of 
the 
following 
page. 
Upon 
power 
up, the 
PC is set to zero and the PA and PB are set 
to 15. 


The 
MC141099 
addresses 
an external 
ROM 
program 


via 
ten 
address 
output 
lines. 
These 
are 
6 bits 
from 
PC 
(PCO-PC5) 
and 
4 
bits 
from 
PA 
(PAO-PA3). 
The 
B-bit 
instruction 
bytes 
are received 
by the 
MC141099 
from 
an 
external 
ROM 
on 
B TTL 
compatible 
instruction 
input 


lines 110-17). 
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RANDOM ACCESSMEMORY - RAM 
RAM consistsof 256 bits organized into 64 4·bit words. 


For purposes of addressing, the 4·bit words are organized 
into four files of 16 4·bit words per file, Figure 6. 


The X register is decoded to select 1 of the 4 RAM 
files; and the Y register is decided to address 1 of the 16 
words in the selectedfile. 


Individual 
bits within 
the RAM can be set, reset and 
tested under program control. 


,41EI 


, 5(F) 


14{E) 


1S(F) 


14(EI 


151FJ 


14{E) 


1S(FI 


OUTPUT PORTS 
Two output ports (R and 0) are included in the micro· 


computer. The MC141000 has eleven R·outputs and the 
MC141200 and MC141099 each have sixteen R outputs. 
The MC141000and MC141200each have eight 0 outputs, 
while the MC141099 hasfive. The number of R outputs is 
the 
only 
difference 
between the MC141000 
and the 
MC141200. 


R·output lines are used primarily 
as control or "hand· 


shake" lines, and to multiplex 
external hardware. The R 
output which is to be operated on is selected by a binary 
decode of the contents of the Y register. Set R and reset 
R instructions change the state of one R output at a time. 


The 
eight 
O·output 
lines on 
the 
MC141000 
and 
MC141200 are the decoded outputs of the contents of 
the 5·bit 
PLAIR. 
Since the PLAIR 
is loaded from the 
A and the SL, these registers must be "set up" prior to 
an output operation. The status latch can only be loaded 
by the YNEA 
(Y 
register not 
equal to 
accumulator) 
instruction while the contents of the accumulator may be 
modified by numerous other instructions. The MC141099 
brings out the 5·bit PLAI R to allow external decoding. 
An external PROM/EPROM could be used to simulate the 
PLA. Figure 7 shows how EPROMS may be used with 
MC141099 to emulate an MC14100 or an MC141200. 


In a typical application, the first four R lines might be 
used as digit 
selects for outputting 
a four·digit 
decimal 


number 
using 
the 
PLA programmed 
as a seven-segment 
decode asshown in Figure 8. 


The MC141000/1200 
outputs may be mask program· 


med in any of three configurations. 
Figure 9 shows the 
open emitter circuit capable of sourcing 20 mA at Vo = 
2.4 V and VOO = 5.0 V, which will drive an LED. Figure 
10 is the open drain circuit 
capable of sinking 1.6 mA 
over temperature, which will drive one TTL load or four 
LSTTL loads. The source and sink devices are combined 
in the activepush·pull circuit of Figure 11. The MC141099 
also hasoutputs as in Fi.Qure11. 


INPUTS 
The input lines consist of the four K·input 
lines and 
the initialize 
(INITI 
line. All 
inputs are static·protected 
CMOS inputs with 
pulldown 
of about 50 kl1. Thus, an 
open input is equivalent to logic O. The circuit is shown 
in Figure 12. 


When power is applied, the registers shown in Table 1 
are loaded as shown for 
power up. All 
other 
internal 
registersand RAM come up in an arbitrary state. 
After power is applied, the initialize (IN IT) input may 
be used to reinitialize the processor. Internally, 
INIT has 
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a 50 
kn 
pull-down 
resistor 
which 
holds 
the 
INIT 
line 
low_ It must 
be held 
high 
for a minimum 
of 6 full clock 


cycles 
and then 
returned 
to the low state. 
If a mechanical 
switch 
or other 
mechanical 
device 
is used to control 
INIT, 


it 
may 
be 
necessary 
to 
include 
a 
method 
of 
contact 


debounce 
to ensure 
a valid 
INIT pulse. 
A valid 
INIT 
pulse 
causes 
the 
registers 
to be initialized 


as shown 
in 
the 
table. 
The 
contents 
of 
registers 
other 


than 
those 
shown 
remain 
unchanged 
during 
initialize. 


Note 
that 
the 
PA and 
PB are loaded 
with 
the 
l's comple- 


ment 
of 
the 
K·input 
lines 
(K8 
= 
MSB). 
This 
feature 


allows 
the 
MC141000 
to be initialized 
to the first instruc- 


tion 
on 
any 
page 
by 
controlling 
the 
K inputs. 
This 
is 


useful 
where 
the 
same 
circuit 
may 
be 
used 
for 
several 
applications. 
Since 
the 
K inputs 
have 
50 
kn 
pull·down 


resistors, 
open 
inputs 
are a 0 (unless 
driven 
from 
another 


device) 
and 
the 
l's 
complement 
(F16) 
is loaded 
into 
PA 
and PB. 


ARITHMETIC 
LOGICAL 
UNIT (ALU) 
The 
A LU 
is 
the 
calculating 
and 
decision-making 
portion 
of 
the 
MC141000/1200/1099 
hardware 
and 
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·00 


~ 
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consists 
of a 4-bit 
adder/comparator 
and 
the 
status 
logic. 


The 
adder/comparator 
can 
add, 
subtract, 
compare 
two 
numbers, 
add +1, -1, 
6, 8, and 
10. 
The 
status 
logic 
is selectively 
set or reset 
by add, 
sub- 


tract, 
increment, 
decrement, 
compare 
and 
bit-test 
opera- 


tions. 
Other 
instructions 
always 
set the status 
logic to a 1_ 


INSTRUCTION 
DECODE 


The 
instruction 
decode 
logic latches 
every 
instruction 
fetched 
from 
R OM and 
configures 
the 
internal 
logic 
to 


execute 
the 
current 
instruction. 
The 
instruction 
set is 


listed 
in Table 
2. 


CLOCK 


The 
internal 
oscillator 
cirucit 
operates 
with 
quartz 


crystals, ceramic resonators, an external resistor and from 
an external 
clock source. These oscillator circuit connec· 


tions 
are 
shown 
in 
Figures 
13, 
14, 
and 
15. 
Figure 
16 


shows 
the 
typical 
oscillation 
frequency 
with 
an exter~al 
resistor. 
The 
discrete 
component 
values 
used 
with 
the 


quartz 
crystal 
and 
ceramic 
resonator 
oscillators 
may 


vary depending 
upon 
crystal/resonator 
manufacturer. 
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Opcode 
Mnemonic 
Description 


0111 
(C) 
ALEC 
If accumulator 
is less than or equal 
to I(C) field, 
status 
= 1. 
00101001 
ALEM 
If accumulator 
is less than or equal 
to M(X,Y), 
status 
= 1. 


00100101 
AMAAC 
Add memory 
to accumulator. 
Accumulator 
= result, 
status 
= carry. 


00000110 
A6AAC 
Add 6 to accumulator. 
Accumulator 
= result, 
status 
= carry. 


00000001 
A8AAC 
Add 8 to accumulator. 
Accumulator 
= result, 
status 
= carry. 


00000101 
A10AAC 
Add 10 to accumulator. 
Accumulator 
= result, 
status 
= carry. 


10 (W) 
BR 
Branch 
to label if status 
= 1. 


11 (W) 
CALL 
Call subroutine 
if status 
= 1. 
00101111 
CLA 
Clear 
contents 
of accumulator. 


00001011 
CLO 
Clear 
PLA Input Register. 
00000000 
COMX 
Complement 
X-Register. 


00101101 
CPAIZ 
Complement 
accumulator, 
then add 1. If accumulator 
= 0, status 
= 1. 


00000111 
DAN 
Decrement 
accumulator. 
If no borrow, 
status 
= 1. 


00101010 
DMAN 
Load M(X, Y) into accumulator 
and decrement. 
If no borrow, status = 1. 


00101100 
DYN 
Decrement 
V-register. 
If no borrow, 
status 
= 1. 


00001110 
IA 
Increment 
accumulator. 


00101000 
IMAC 
Load 
M(X, Y) into accumulator 
and increment. 
Status 
= carry. 
00101011 
IYC 
Increment 
V-Register. 
Status 
= carry. 


00001001 
KNEZ 
If K-inputs 
not equal 
to zero, status 
= 1. 


0001 
(C) 
LDP 
Load page buffer 
with I(C) field. 


001111 
(B) 
LOX 
Load X-register 
with I(B) field. 


00100110 
MNEZ 
If M(X, Y) not equal 
to zero, status 
~ 1. 


001101 
(B) 
RBIT 
Reset 
bit I(B) of M(X,Y). 


00001111 
RETN 
Return 
from subroutine. 


00001100 
RSTR 
Reset 
R-line 
specified 
by V-register. 


00100111 
SAMAN 
Subtract 
accumulator 
from 
memory. 
Accumulator 
= result. 


If no borrow, 
status 
= 1. 


001100 
(B) 
SBIT 
Set.Bit 
I(B) of M(X,Y). 


00001101 
SETR 
Set R-line 
specified 
by V-register. 


00000011 
TAM 
Transfer 
accumulator 
contents 
to M(X,Y). 


00100000 
TAMIY 
Transfer 
accumulator 
contents 
to M(X,Y), 
increment 
V-register. 


00000100 
TAMZA 
Transfer 
accumulator 
contents 
toM(X,Y), 
zero accumulator. 


00100100 
TAY 
Transfer 
accumulator 
contents 
to V-register. 


001110 
(B) 
TBIT1 
If bit I(B) of M(X,Y) 
is one, status 
= 1. 


0100 
(C) 
TCY 
Transfer 
I(C) field to V-register. 


0110(C) 
TCMIY 
Transfer 
I(C) field to M(X,Y), 
increment 
V-register. 


00001010 
TOO 
Transfer 
status 
latch and accumulator 
to PLA input 
register. 


00001000 
TKA 
Tranfer 
K-inputs 
to accumulator. 


00100001 
TMA 
Transfer 
M(X, Y) to accumulator. 


00100010 
TMY 
Transfer 
M(X,Y) 
to V-register. 


00100011 
TYA 
Transfer 
V-register 
contents 
to accumulator. 


00101110 
XMA 
Exchange 
contents 
of M(X,Y) 
and accumulator. 


00000010 
YNEA 
If V-register 
is not equal to accumulator, 
status 
and status 
latch = 1. 


0101 
(C) 
YNEC 
If V-register 
is not equal 
to I(C) field, 
status 
= 1. 
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--l.-- 
0.131 
1.1. 


K 
12.10 
~ 
--t 
63~6" ~~~O 


~ 
- 
1.21 
Q 
3.56 
c.oli 


-,,-_ 
0 2S4 
1.02 


INCHES 
MIN 
MAX 


0.335 
0310 
0.305 
0.335 


0.165 
0.1'5 


0.016 
0.021 


- 
O.lMO 


0.016 
0.019 
0.230 SSC 


0.028 
O.OJC 


0.029 
0 OC5 


0.500 


02~6"8~~ 


- 
0.050 


O.leD 
0.160 


0.010 
0.04ll- 


-- ----- 
-INCHis 
MILLIMETERS 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
6.10 
6.60 
0.2CO 
0.260 
C 
0.16 
1.18 
0.030 
0010 
D 
0.33 
0." 
0.013 
0.019 
F 
0.01 
0.15 
0.003 
0.006 
G 
/.21 SSC 
0.0508SC 
H 
0.30 
0.89 
0.012 
0.035 
J 
- 
0.38 
K 
6.35 
'.CO 
0250 
0.310 
L 
18.80 
. 
o lCO 
- 


N 
0.'5 
- 
0.01. 
. 


R 
- 
0.38 
. 
0.015 
S 
1.62 
8.38 
0.300 
0.330 


Ceramic 
Package 


ROJA 
= 1000 
C/W(Typ) 
[::::::IJ 


-JF~ 


CASE 623 
Ceramic 
Package 


NOTES: 


1. OIM T' TO CENTER 
OF 
LEAOS 
WHEN 
FORMEO 
PARALLEL. 


2. LEAOS 
WITHIN 
0.13 mm 
(0.0051 
RAOIUS 
OF TRUE 
POSITION 
AT SEATING 
PLANE 
AT MAXIMUM 
MATERIAL 
CONOITION. 
(WHEN 
FORMED 
PARALLEL! 


CASE 620 
Plastic 
Package 


NOTES: 


,. 
LEAOS 
WITHIN 
0.13 mm 
(0.0051 
RAOIUS 
OF TRUE' 


POSITION 
AT SEATING 
PLANE 
AT MAXIMUM 
MATERIAL 
CONDITION. 


NOllS 


1 
lEADSWITH1N013t'H11WOO~)RAUIUS 


Of 
TRUE 
POSITION 
AT 
SEATING 
PLANE 
A1 MAXIMUM 
MAHRIAl 
COHCITIQN' 


] 
PKG 
tNDEX 
NOTCH 
IN 
LEAD 


NOTCH 
IN 
CERAMIC 
OR 
INK oar 
3 ·OIM 
l 
TO LEHrER 
or 
lEADS 


~HEN 
fORMEO 
PARAllEl> 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
31.24 
32.77 
1.230 
1.290 


8 
12.70 
15.49 
0.500 
0.610 
C 
4.06 
5.59 
0.160 
0.220 


0 
0.41 
0.51 
0.016 
0.020 
F 
1.27 
1.52 
0.050 
0.060 
G 
2.54 ISC 
0.100 
ISC 
J 
0.20 
0.30 
0.008 
0.012 
K 
2.29 
4.06 
0.""" 
0.160 
l 
15.248SC 
0.600 
8SC 


M 
lJO 
15" 
O· 
15° 
N 
0.51 
1.27 
0.020 
0.050 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
9.40 
10.16 
0.370 
0.400 
8 
6.10 
6.60 
0.240 
0.260 
C 
3.94 
US 
0.155 
0.175 
D 
0.38 
0.51 
0.015 
0.020 
f 
1.02 
1.52 
0.040 
0.060 
G 
2 
4 8S~ 
H 
0.76 
1.27 
O.OJO 
10.050 
J 
0.20 
0.30 
0.1108 
0.012 
K 
2.92 
3.43 
0.115 
0.135 
l 
7.628SC 
0.3008SC 
M 
- 
IOU 
I 
IOU 
N 
0.51 
0.76 
0.020 
I 0.030 


2. DIM "L" 
TO CENTER 
OF 
LEADS 
WHEN 
FORMED 
PARALLEL. 


3. PACKAGE 
CONTOUR 
OPTIONAL 
IROUND 
OR 
SaUARE 
CORNERS) 


CASE 632· 
Ceramic Package 


NOTES: 
1. ALL RULES ANO NOTESASSOCIATEO 
WITH MO-GOIAA OUTLINE SHALL APPLY. 
2. OIMENSION "L" TO CENTER OF LEAOS 
WHEN FORMEO PARALLEL 
3. LEAOSWITHIN 0.25 mm (0.0101OIA 
OF TRUE POSITION AT SEATING PLANE 
ANO MAXIMUM MATERIAL CONOITION. 


Plastic 
Package 
ROJA = 1000 C/WITyp) 


NOTES 


1 
LEAOS 
WITHIN 
0 13 mm 


lO OO~I RAOIUS 
Of 
TRUE 
POSITION AT SEA TlNG 


PLANE 
AT 
MAXIMUM 


MATERIAL 
CONOlTlON 
1 
OlMENSION 
"to' TO 
CEHTER 
OF lEADS 


WHEN 
FORMED 
PARAllEl 


Plastic 
Package 
ROJA = 1000 C/WITyp) 


r:::::::LJ 
C':-- 
A ._- 
.. .-j 


NOTE 
1 DIM "l" 
TO CENTER OF LEADS 


WHEN FORMED 
PARAllEl 


MILLIMETERS 
INCHES 
OIM 
MIN 
MAX 
MIN 
MAX 


A 
16.8 
19.9 
0.660 
0.785 
• 
5.59 
7.11 
0.220 
0.280 
~ 
5.08 
0.200 
0 
0.381 
0.584 
0.015 
0.023 
F 
0.77 
1.77 
O.~ 
0.070 


G 
2.54 SSC 
0.100 SSC 
J 
0.203 
0.381 
0.008 
0.015 
K 
2.54 
0.100 
L 
7.628SC 
O.300SSC 
M 
150 
- 
150 
N 
0.51 
0.76 
0.020 
0.030 
, 
8.25 
0.325 


MILLIMETERS 
INCHES 


O'M 
M'. 
MAX 
M,. 
MAX 
A 
1816 
1956 
0115 
0710 
• 
610 
6.60 
2' 
6 
e 
'06 
'0' 
0160 
0.200 
0 
0311 
0'3 
0015 
0021 


f 
• 02 ." 
0040 
0010 


G 
2\48 
8 


H 
'32 
14' 
0' 
0 


J 
020 
38 
0008 
rom 
• 
343 
0.135 
l 
762Bse 
0300 
8S 


•• 
0 
'0' 
0 
10' 
• 
Oil 
101 
002010 Gto 


_u_nERS 
IICHES 


O. 
II,. 
IlAX 
Ill. 
IIAX 


A 
1•. ':» 
21.34 
0.140 
0."0 
rT 
• 
r-lllf n[}'ilf 
0260 
.. 
0.160 
0 
D 
0.311 
D.S3 
0.015 
0.021 
f 
1.02 
1.11 
0.040 
0.010 


G 
2.~'SC 
0100 Ise 


.31 
." 
0.015 
0.095 
J 
O. 
ooa 
.015 


1'3 
• 
0,135 
l 
I.SIISe 
0300 
Bse 


'00 
'00 
• 
0.51 
1.02 
0.010 
O.DAO 


CASE 693 
Ceramic Package 
R8JA: 
1000 C/WITyp) 


NOTES 


1 lEADSWITHIH 
0.13 mm (0 0051 


RAD 
OF 
TRUE 
POSITION 
AT 


SEATING 
PLANE 
AT ••• 
XIMUM 


MATERIAL 
CONDiTION 


2 DIMENSION "l" 
TO CENTEA 
OF lEADS 
WHEN 
FORMED 
PARAllEl 


CASE 701 
Plastic Package 
R8JA = 1000 C!W(Typ) 


A 
~-t 
IN~ U U U U U U'U~· 
L 
., 
K 
-,H- 
-, 
G lo.- 
- 
- 
0 
SEATING - 
- 
M 


PLANE 


P SUFFIX 
Pl.ASTIC PACKAGE 


NOTES: 


I. 
POSITIONAL 
TOLERANCE 
OF LEADS 
101. 


SHALL 
BE WITHIN 
0.25mmI0.0101 
AT 
MAXIMUM 
MATERIAL 
CONOITION. 
IN 
RELATION 
TO SEATING 
PLANE 
AND 
EACH 
OTHER. 


2. 
DIMENSION 
L TO CENTER 
OF LEADS 
WHEN FORMED 
PARALLEL. 


3. 
DIMENSION 
8 OOES NOT 
INCLUDE 
MOLD 
FLASH. 


~A-IO'~ 
. 
. --l 


~F -'a 
1 
~c/-i\ 


1'_I'~D 
-/1_- 
J . 
~L 
J 
v 


G 
SUTING 
PLANE 
M 


NOTES 


I 
UADSWtTHINOJ]rnm 
10 DOSI RADIUM 
Of 
TRUE 
POSJTiON 
AT SEATING 
PLANE 
AT MAXIMUM 


MATERIAL 
CONDITION 


!DIM 
"C"I 


2 
DIMENSION'l"TOCENTER 
OF lEADS 
WHEN 
FORMED 
PARALLEL 


MlLlIMlTlRS 


DIM 
IIIN 
MAl 


A 
991 
109 


• 
6.22 
I. 


e 
'.32 


D 
0.'1 
O. 1 
f 
1.40 
1.65 


G 
B4BSC 


H 
1.14 
US 


J 
020 
030 
I( 
3.18 
406 


L 
131 
111 


II 
IS 


• 
O.5~ 
"""'102 


0.016 
0.055 
O.06S 
0.100 sse 
0.045 
0 06S 


0.008 
0,012 
0.125 
0.160 


0_290 
0310 
IS' 
O:D1U 
0040 


"'LlIIlETERS 
INCHES 
0111 
IIIN 
IIAX 
IIlN 
MAX 
A 
2311 
23811 
0.910 
0.940 
8 
610 
660 
0.240 
0260 
C 
406 
457 
0.160 
0.180 
0 
038 
051 
om5 
0.020 
F 
1.02 
151 
0040 
0060 
G 
2.50 8SC 
0.100 8SC 
H 
1.32 
1.83 
0.~2 
0.072 


J 
0.20 
0.30 
0.008 
0.012 


K 
292 
3.43 
0.1lS 
0.135 
L 
7.37 
7.87 
0.290 
0.310 
II 
OO 
10· 
OO 
,oo 
N 
0.51 
1.02 
0.020 
0040 


MILLIMETERS 
IIICHES 
Dill 
Mill 
MAX 
11111 
MAX 
A 
22.22 
23.24 
0,875 
0.915 
8 
6.10 
G.M 
11.,./1 D.lIO 
e 
3.94 .., 
1I.15~ 
n-IOft 


D 
0.36 
0.56 
0.014 
0.022 
F 
.77 
.7. 
II.IIM ~ 
& 
2.54 ISC 
0,100 
1St 
H 
1,D2 
1.52 
0.040 
D.DilO 
J 
0.20 
0.30 
0.001 
0.012 
I( 
2.92 
3,4~ 
0,115 
0.135 
l- 
7G2 
IlSC 
n~/ll -•.tf 
II 
0" 
15° 
0" 
ISO 
II 
0.51 
1.02 
0.020 
0,040 


PSUFFIX 
PLASTIC 
PACKAGE 
CASE 709 


CASE 710-02 
Plastic 
Package 


NOTES: 


1. 
POSITIONAL 
TOLERANCE 
OF LEAOS 
101, 
SHAll 
BE WITHIN 
0.25mmI0.Ol01 
AT 
MAXiMUM 
MATERIAL 
CONOITION, 
IN 
RelATION 
TO SEATING 
PLANE 
AND 
EACH 
OTHER. 


2. 
DIMENSION 
L TO CENTER 
OF LEADS 
WHEN 
FORMED 
PARAllEl. 


3. 
DIMENSION 
B DOES NOT 
INCLUDE 
MOLD 
flASH. 


NOTES, 


,. 
POSITIONAL 
TOLERANCE 
OF LEADS (0). 


SHALL 
BE WITHIN 
0.25 mm 10.0101 AT 


MAXIMUM 
MATERIAL 
CONDITION. 
IN 


RelATION 
TO SEATING 
PLANE 
AND 


EACH OTHER. 


2. DIMENSION 
L TO CENTER 
OF LEADS 


WHEN FORMED 
PARALLEL 


3. OIMENSION 
B OOES NOT INCLUOE 


MOLO 
FLASH. 


MILLIMETERS 


0111 
IIIN 
IIAll 


A 
31.37 
32.13 
• 
1372 
14.22 
C 
3.94 
508 
o 
0.36 
0.56 
F 
1.02 
1.52 


G 
2.54 
BSC 
H 
1.78 
2.03 
J 
0.20 
0.38 
K 
2.92 
3.43 
L 
15.24 
8SC 
II 
r1' 
15° 
N 
0.51 I 
1.02 


MILlIlIETE 
RS 


0111 
MIN 
MAX 
A 
36.45 
37.l1 
B 
13.72 
14.22 
3.94 
5.118 
0.36 
0.56 
1.02 
1.5l 


2.54 BsC 
1.65 
16 
0.20 
0.38 
2.9l 
3,43 


15.24 
SSC 
M 
0" 
15° 
N 
0.51 
1.02 


P SUFFIX 
PLASTIC 
P-,\CKAGE 
CASE 711 


INCHES 


IIIN 
MAX 


1.235 
1265 
0540 
0.560 
0.155 
0.200 
0.014 
0.022 


0.040 
0.060 
0.100 
BSC 
0.070 
0080 
0.008 
0.015 
0.115 
0.135 
0.600 
BSC 
r1' 
15° 
0.020 
0.040 


INCHES 


111111 
MAX 
1.435 
1.41)5 
0.540 
0.560 
0.155 
0.200 
0.014 
0.022 
040 
0.060 


. lUl 
Il:>~ 
1,IJ6!j 
0.085 
.008 
o.oh 
.115 
0.135 
0.600 
BSC 
r1' I 15° 
0.020 
I 0.040 


MILLIMETERS 
INCHES 


MIN 
MAX 
MIN 
IIAX 
51.69 
52.45 
2.035 
2.065 
13.72 
14.22 
0.540 
0.560 
3.94 
5.08 
0.155 
0.200 
0.36 
0.56 
0.014 
0.022 
1.02 
1.52 
0.040 
0.060 
2.54 SSC 
0.100 SSC 
1.65 
2.16 
0.065 
0.015 
0.20 
0.31 
0.001 
0.015 
l.9l 
3,43 
O. 15 
0.135 


15.24 SSC 
0.600 SSC 
II" 
15. 
O· 
15· 
0.51 
1.0l 
0.020 
0.040 


NOTES: 


1 
POSITIONAL 
TOLERANCE 
OF LEADS 
(D) 
SHAll 
BE WITHIN 
0.2s'mmI0.Ol0) 
AT 
' 


MAXIMUM 
MATERIAL 
CONillTloN 
IN 
RelATION 
TO SEATING 
PLANE 
AND 
EACH 
OTHER. 


DIMENSION 
L TO CENTER 
OF LEADS 
WHEN 
FORMED 
PARALLel. 


DIMENSION 
B DOES NOT 
INCLUDE 
MOLD 
hASH. 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 715 


NOTES: 


1. LEADS. 
TRUE 
POSITIONED 
WITHIN 
0.25 
mOl 
10.010) 
OIA 
(AT 
SEATING 
PLANE). 
AT 
MAX 


MArL 
CONDITION. 


2. DIMENSION 
T' TO CENTER 
OF LEADS 
WHEN 
FORMED 
PARALLEL. 


D 


_1 
If 
-. 


N 


I 
-K.J 


, SEATING 


PLANE 


NOTES: 


,. 
LEADS. 
TRU~ 
POSITIONED 
WITHIN 
0.25 mm 10.010) 
DIAMETER 
lAT 


SEATING 
PLANE) 
AT 
MAXIMUM 


MATERIAL 
CONDITION. 


2. DIMENSION 
"L" 
TO CENTER 
OF 
LEADS 
WHEN 
FORMED 
PARALLEL. 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 719 


MilliMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 
A 
.50.29 
51. 
1 
1.980 
2.020 
• 
14.94 
15.34 
0.588 
0.604 
C 
3.05 
4.06 
0.120 
0.160 
D 
0.38 
0.5:1 
0.n15 
0.021 
F 
0.76 
1.40 
0.030 
0.055 
G 
2.54 SSC 
0.100 
SSC 
H 
0.76 
1.78 
0.030 
0.070 
J 
0.20 
0.33 
O.OOS 
0.013 
K 
2.54 
4.19 
0.100 
0.165 
L 
14.99 
15.49 
0.590 
0.610 
M 
- 
100 
100 
N 
1.02 
1.52 
0.040 
0.060 


MilliMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 
A 
35.20 
35.92 
1.386 
1.414 


B 
14.94 
15.34 
0.588 
0.604 
C 
3.05 
4.19 
0.120 
0.165 
D 
0.38 
0.53 
0.015 
0.021 
F 
0.76 
1.40 
0.030 
0.055 
G 
2.54 SSC 
0.100 
SSC 
H 
0.76 
1.78 
0.030 
0.070 
J 
0.20 
0.30 
0.008 
0.012 
K 
2.54 
4.19 
0.100 
0.165 
L 
14.99 
15.49 
0.590 
0.610 
M 
100 
- 
100 
N 
1.02 
1.52 
0.040 
0.050 


Plastic Package 
AOJA = 60° 
C/W(Typ) 


Plastic Package 
AOJA = '00° 
CIW(Typ) 


I~ 
~IT 


MILUMnulS 
l.eMU 
0111 
Ill. 
IIAX 
lit. 
IlAX 
A 
2 .70 
21.34 
0.115 
0.140 
• 
'.10 
UD 
0.240 
0.210 
t 
'.01 
'.\7 
0.1 
0.110 
0 
043 
0.11 
0.017 
0.022 
f 
1.02 
1.52 
0.040 
DOID 
G 
2.41 
2.61 
0.095 
0.105 
H 
1. 


4- ~)3 
0." 
0.013 
0.01' 


.30 
.94 
.15 
l 
16.94 
11.45 
0.667 
• 
0.51 
1.02 
0.020 
0.040 
, 
&.21 
'.53 
0.247 
0.257 


R 
4.'3 
5.33 
0.190 
0.210 
S 
9. 1 
1 .41 
0.39iI 
0.41 
T 
2.54 
].II 
0.100 
0.150 
~~~(jPf1.~ 
~ 


.,- 
0 
II l- 
_ 


-s 
-i 


c::::::::::1 
wwmmw.: 
-F- 
--0 
-H- 
-G- 


NOTE: 


I. 
LEAOS, 
TRUE 
POSITIONEO 
WITHIN 


0.25 mm 10.0101 alA 
AT SEATING 
PLANE 
AT MAXIMUM 
MATERIAL 
CONOITION 
(aiM 
"a"). 


A 


DIM 
MI LLIMETERS 
INCHES 


MIN 
MAX 
MIN 
MAX 


A 
31.24 
32.13 
1~ 
~~ 


B 
6.10 
6.60 
0.240 
0.260 


C 
4.06 
4.57 
0.160 
O.IBO 


0 
0.3B 
0.51 
0.015 
0.02~ 
e--!- 
1.02 
1.52 
0.040 
0.060 


G 
2.54 BSC 
0.100 
BSC 


H 
1.60 
2.11 
0.063 
0.OB3 


J 
O.IB 
0.30 
0.007 
0.012 


K 
2.92 
3.43 
0.115 
0.135 


l 
7.35 
7.B7 
0.290 
0.310 


M 
- 
10" 
- 
10" 


N 
0.51 
1.02 
0.020 
0.040 


CASE 733·02 
Ceramic Package 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
36.45 
37.85 
1.435 
1.490 
• 
12.70 
15.37 
0.500 
0.605 


C 
4.06 
5.84 
0.160 
0.230 
0 
0.38 
0.58 
0.015 
0.022 


F 
1.27 
1.85 
0.050 
0.065 


G 
2.54 BSC 
0.100 8SC 
J 
0.20 
1 0.30 
0.0081 
0.012 


K 
2.54 I 4.06 
0.10010.160 
l 
15.24BSe 
0.600 Bse 
M 
50 
I 
15° 
50 
I 
15° 
N 
0.51 I 
1.27 
0.020 I 0.050 
NOTES: 


1. DIM W IS DATUM. 
2. POSITIONAL TOl 
FOR lEADS: 


[:::::::::::::tJ :~~J~~;~lI~~~~i~~~~:" 
I 
A 
~c 
CL=J 


~lN 
--t===\ 


~G~ 
~~ 
-lID 
KJLM 
JJI- 


S SUFFIX 
CERDIP 
PACKAGE 
CASE 734-03 
f::::::::::::::::::::)~ 


I 
A 
I cCl=J 
~BR 
~G~ 
J LF 
-~~o 
"m 
K-J.-M 


NOTES: 


1. 
DIMENSION-A-IS 
DATUM. 


2. 
POSITIONAL 
TOLERANCE 
FOR LEADS: 
[±]lY-.25-(-O.O-lO-j ~e'-'~ 


DIM 
A 
8 
C 
D 
F 
G 
J 
K 
l 
M 
N 


3. m IS SEATING 
PLANE. 


4. 
DIMENSION 
L TO CENTER 
OF LEADS 
WHEN 
FORMED 
PARALLEL. 


5. 
DIMENSION 
A AND 
B 
INCLUDES 
MENISCUS. 


